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T ypical large-ship installation in
c/fides a tramfer pa11el to permit 

i11depmdent me of all units. 

• Seldom has any piece of communication equipment 
gained as rapidly in importance as the radio operated 
teletypewriter. Teletypewriter equipment is not new, 
nor is the idea of operating it over a radio link. The 
equipments have been giving excellent service for many 
years over land lines, that being the primary pu rpose 
for w hich they were designed. Only recently, however, 
has it been possible to operate the teletypewriter (TTY 
for short) in a thoroughly dependable manner over 
long-haul rad io circuits. This is because the TTY 
printer is a mechan ical device and is therefore not 
always able to discriminate between the desired signals 
and those introduced by interference or sta tic. N ew 
high-performance radio equipment and techniques de
veloped during the last few years are now capable of 

Simple radio-teletyfJe system for sbip
board 11se. Separate trammilling and 

rerei11ing freqll enries r1re employed. 

furnishing satisfactory TTY sig nals. A system of '" f re
quency-shift" keying (sec p. 5) increases signa l-to
noise ratio and grea tly reduces certain types of inte r
ference. Modern receivers having exceptional frequency 
stability and other refinements were necessary before 
the full benefits of this system could be realized. 

TTY AND THE NAVY 
The first large-scale use of radio TIT by the Navy 

was to take over the steady grind of long-haul point
to-point administrative traffic between major shore sta
tions. H ere a tru ly prodigious amount of traffic is 
handled in a very orderly manner by a minimum of 
equipment and operating personnel. T hese arc the cir-
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This No . 1 S page pri111er is tbe basic t eletypetl"riler filii!. 

cuits that have proved the efficiency and reliability of 
the system. Later, the service was extended to advanced 
base headquarters and to most AGC's. Although many 
TTY installations were only temporary and experi
mental , there has been sufficient information concerning 
them to precipitate a veritable deluge of requests for 
equipment. Elaborate plans are being made for the 
future of TTY in the Navy, and a program is already 
underway to automatically provide ships and stations 
with equipment as rapidly as it becomes available. The 
sudden demand for equipment so exceeds production, 
however, that no quantity shipments can be made until 
after November. By next year many ships will prob
ably be able to copy all their Fox schedules by TTY, 
and special UHF harbor ci rcuits employing TTY will 
provide all commun ication while in port. 

-ADVANTAGES O F TTY 
Most obvious of all the advantages of the TTY i! 

its speed. Although some operators can receive p lain 
lang uage at 60 words per m inut~, t~ey cannot do !t 
for long periods of time. On a o rcu1t where traffic IS 

mostly code g roups, the average spee~ over a long pe
riod seldom exceeds 15 w.p.m., and IS often as low as 
5 w.p.m. A teletypewriter, with its inheren t speed of 
60 w.p.m., will theref ore move at least four times as 
much traffic as an operator sending by hand. More 
important is the fact that the addition of a TTY at each 
end of a circuit would increase the traffic capacity at 
least as much as adding three or four additional trans
mitters, receivers, and operators at each end. Actually, 
two TTY's would usually be installed at each end to 
permit simultaneous sending and receiving on two d if
feren t f requencies (duplex operation), this arrangement 
again doubling the capacity of the system. 

As far as accuracy is concerned, TTY sending is as 
subject to operator errors as any other system. But 
when transmissions (or tape perforat ing) are monitored 
by the operator, it permits him to see, in plain language, 
an exact replica of the transmission. The TTY printer 
is inherently accurate, and will not in troduce garbles 
unless they are present in the input signals. However, 
under conditions of difficult radio reception the TTY 
will naturally fai l to produce perfect copy, as is the 
case with any other system. By the use of frequency
shift keying, the TT Y is p robably as good under these 

"J"he No. 19 TTY Set inclttdes facilities f or perforating 
a11d 1ransmitti11g ftlpe . 

severe conditions as conventional radio telegraphy, and 
may at times be even better. 

An important advantage of TTY is that traffic can 
be relayed automatically by means of perforated t~pe. A 
tape perforati ng machine can be operated by tl~e Incom
ing signal, and this tape can then be retr_ansm1tted over 
as many circuits as necessary by mechanical means. 

An advantage of TTY over certain othe~ means of 
h igh-speed communicat-ion is that the copy IS produced 
in a form which can be used immed iately, :md does 
not have to be transcribed by hand before it is of any 
value. 

THE EQUIPMENT 
Navy TTY equipment differs only slight ly from the 

d I I e seen in news-time-proven commercial mo e s you 1av . . . 
d t I I Offices The}' will be prov1ded With paper an e egrap 1 · . 

a few new featu res and refinements, and wdl be pro
~ected against shock and vibration. Internal parts wil l 
be protected against corrosion. But they look about the 
same. 

Probably the most basic of the ~qu i pm~nts is . the 
Model N o. 15 Teletypewriter shown 111 the illustratiOn. 
It is a page-printer (prints copy on a page, rather than 
on a narrow tape ) equipped with a ~e~board, and may 
be used for either sending or recelVlng. The page
printer will monito r outgoing transmissions so that the 
operator will not have to send "blind," and the result
ing copy provides an ideal Jog. Act~a~ly, separate ma
chines are used for sending and rece1v1ng so that both 
operations can be accomplished_ ~i~ul taneously on d if
ferent frequencies, thereby utdJzmg the full traffic
handling ability of every unit in the_ system .. 

The simplest possible shipboard. mstall ~t10n w_ould 
therefore consist of two TTY's With their assoCiated 
operator 's tables and power suppl ies, a _keyer, a con
verter and a sui table transmitter and rece1ver, as shown 

' 
in the small b lock diagram. 

The keyer just mentioned provides the method for 
f requency-shift keying of the transmitter. This unit is 
known as the Model FSA Frequency-Shift Keyer, and 
must be located adj acent to the transmitter. To permi t 
attachment of a keyer, however, the transmitter must 
fi rst be modified by installing a Coupler Unit and asso
ciated Interconnections Panel. At present these kits of 
attachments may be installed only in TBA, TBK, TBM 
and TBL t ransmitters, but adapters are being designed 
to permit their use with the T CK, TCZ and TDE. 

The converter serves an opposite function to the 
keyer, in that it converts the received frequency-shift 
signal back to the DC telegraph signal necessary to 
operate the TTY printer. Models FRA and FRG F re
quency-Shift Receiver Converters are not yet avai lable 
in final form, although an interim equipment, the FRC, 
is available in li mited quant ity. These equ ipments are 

The No. 14 TTY is med t o relay messag~s. Th~ table 
il/mtrated is for sbor~-11se only, as_ speoal ~IIIT·S~ock 

and t1ibration motmlmgs are req!l!red abomd sbtp. 

Pl:.'rforated tape prod1tred by the N o. 19 "J"7Y Set <"•Ill /Je 
t r,m.r 111 it 1 etl tilt! o 111 ttl n-.t!l )'. 
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associated directly \Yith the receiver, Models RBB and 
RBC bei ng the ones most suitable for this purpose at 
present. 
- Using the keyboard, it is impossible to transmit by 
hand with sufficient rhythm and accuracy to attain the 
full 60 w.p.m . speed limit of the No. 15 TTY. To 
permit continuous operation at synchronous speed , 
therefore, a system of machine-transmitting by means 
of a perforated tape is provided. Although the tape 
perforator is a built-in accessory to a special No. 15 
TTY, it does not impose an upper limit on the speed 
of the operator as in the case of keyboard hand-sending. 
The tape may then be transmitted automatically at 60 
w.p.m. by a T ransmitter-Di stributor. Tl~c N o. 19 set 
provides these features, and is a complete equipment 
consisting of an XRT 114 Operator's T able, REC 30 
Rectifier, a T ransmitter-Distributor, and the No. 15 
page-printer equipped with Tape Perforator. 

Stations relaying a large amount of traffic woul d ordi
narily be required to make up tapes for a ll incoming 
messages that are to be relayed. But this may be done 
automatically by employing a No. 14 send-receive Typ
ing Reperforator, which simultaneously perforates and 
types the corresponding characters along the edge of 
the same tape. T his unit is also necessary when using 
Sigtot or off-line cryptographic devices with TTY sys
tems. 

The various standard units described above were de
signed to offer extreme flexibility in establishing systems 
to fill all requi rements. Transfer panels permit inde: 
pendent use of all parts of every equipment, thus assur
ing maximum utility for the system. T his is illustrated 
in the block diagram of a typical installation for a 
large ship. Here the TTY equipment may be patched 
to operate in any manner required. 

PERSONNEL 
The large-scale introduction of sh ipboard TTY will 

certainly not make Radiomen unnecessary, although it 
may often make their work somewhat easier. Rad iomen 
should have no particular trouble in learn ing to tune 
and adjust the receivers to give optimum performance. 
As these adjustments are rather fussy and have to be 
done more or less scientifically, it is necessary actually 
Lo understand the principles involved. Receiving equip
ment requires rather constant attention, making it im
perative that Radiomen remain alert and pay particular 
attention to details at all times. The TTY printer is 
almost entirely mechanical in its operation, but requires 
a great amount of knowledge and skill in order to 
maintain it properly. T he machine is a marvel in per
fection of design, and is bui lt to operate continuously 
and for a lifetime. Regular servicing and adj ustment 
are essential. And it is one piece of gear that you just 
can·t blunder into. Tinkering is out' Practical ly every 

part is provided with adjustments, and many of these 
must be made with micrometer precision . Many Radio
men will probably go to special schools for a course in 
TTY maintenance. 

The Radio Technician need not be unduly alarmed 
about the maintenance of the electrical portion of the 
TTY and associated apparatus, as it does not differ 
greatly in this respect from other electronic equipments. 

DEHYDRATOR FIELD CHANGE 
• To prevent the compressor from running continu
ously after the initial duty cycle in the event that the 
unloader valve fails to close after releasing the pressure 
from the check valve on the initial air charge, the Bu
reau of Ships has released the following information 
to radar personnel using Model 2200j22 D ehydrators : 

Removal of the un!oader valve from air circui t affects 
SCj SKj SA j SR installations. No kit is needed. 

One Y-t" copper sealing bonnet wi ll be required. 
These are the steps to follow: 1. Remove the Y-t" cop
per tubing which extends from the back side of the 
unloader valve (14) to the bottom side of the air check 
valve (1 5) , as shown in the figure. 2. Replace the 
flared -fitting nut on the unloader valve to prevent the 
thread from becoming burred. 3. Seal off the outlet on 
the bottom side of the air check valve, w hich was 
opened by removing the 14" copper tubing, with a Y-t" 
sealing bonnet and the flared-fitting nut removed in 
step 1 . 

With the unloader valve removed from the ai r cir
cuit, the air check valve wi ll not seat as quickly as be
fore. H owever, the removal of the unloader valve will 
prevent the compressor f rom running continuously 
which was the resul t of the unloader valve sticking in 
the open position. 

The above change does not el iminate the possibi li ty 
of the compressor running continuously should the un
loader valve (1 3) fail to close. Since the unloader valve 
(1 3) is necessary to re lease the working pressure f~om 
the compressor on starting, it should be checked penod
ically to make sure that the valve is closed to the atmos
ph~re when the compressor starts running. 

The air check valves should be checked periodically 
to see that they seat properly. 

- E. f. S. G. 

---F"Cl.O~ T--

FREQUENCY MODULATION P RINCIPLES 
APPLIED TO RADIO TELEGRAPHY 
Lieut. Myron E. Beard, USN 

• Practically everyone has read or heard of the new 
rad io technique known as "FM" (frequency modula
tion) , and the vast improvement expected when FM 
stations supplement or eventually supersede the p resent 
amplitude-modulated broadcasting stations. 

Radio technicians also are aware of the fact that FM 
systems of voice communication have been in use on 
fleet circuits and amphibious-force circuits for some time. 
Their opinion of this new technique is invariably highly 
colored by their own experiences with such equipment, 
its performance, reliability, and ease of main tenance. 
Unfortunately, the reliabi lity and performance are a 
direct function of the ease of maintenance, and easy 
maintenance is only possible when the technical person
nel have a thorough understanding of the principles 
involved. Thi s is not a common case, since the visuali
zation of FM principles is usually difficult. 

Although this new development in radio communi
cation applies basic FM principles to radio telegraphy, 
it is as easy to understand as ordinary CW telegraphy. 
In fact, its principal features are most clearly illustrated 
by a direct comparison of the sig nals with conventional 
CW signals. 

Using as a basis of comparison the Morse lette r S 
(three dots) the graphic representation is shown in 
figure 1. A third d imension, that of freq uency, has 
been added in this illustration. But, since CW signals 
are of constant frequency, there is no variation along 
the frequency axis. In order to receive the intelligence 
ca rried by such a signal, the receiving equipment must 
be able to scan the signal along the time axis, p lus the 

axis which carries the intelligence (the amplitude axis 
in this case). This is shown g raphically in figu re 2. 
\XIhen scanned along the amplitude and time axes, fig
ure 2 (I) , the intelligence appears as large changes in 
signal amplitude. In a theoretically perfect circuit, th is 
variation would be from zero amplitude for the inter
vals when the key is open, to a maximum value when 
the key is closed. But extraneous components of energy 
due to atmospherics, interfering stations, etc., appear 
as additional variations along the amp li tude axis, and 
when these extraneous components of energy approach 
or exceed the value of signal va riation, the signal is 
"blanked out by interference." F igure 2 (r) represents 
the same signal as scanned along the frequency and 
time a.xis. Variations in sig nal amplitude have no effect 
on this figure, so no intelligence can be received, but 
neither is the effect of noise and interference apparent. 

T his leads to a logical conclusion that if the intelli
gence variations could be made to appear as changes 
along the frequency axis, and the receiving equipment 
designed to respond to this type of signal, the variations 
in amplitude due to noise and interference would be 
elim inated as a factor affecting communications, since 
these components cause ampl itude variations only. 

Frequency-sh ift keying accomplishes the first of these 
condi tions; that is, a shi ft of the signal frequency be
tween key-closed and key-open intervals, with signal 
ampl itude remaining essentially constant. In add ition, 
the constant-amplitude carr ier permits the use of A VC 
and other refinements in the receiver. 

New terms are used in conj unction with frequency
sh ift keying, and in order to make them famil iar they 
will be defined here. The intervals when the key is 
open are referred to as spacing intervals. while the in· 
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F IGURE i.- T hree-dimensional representation of a con
ventional telegraph signal. 

I! JU1JL ~]"~~"~---------
- --- TIME TIME -----

FIGUR E 2.- Receir,er response to OIJ· Ofl k eyed sig nals 
when converted by ( left) a couventional detector and 

(right) by an FM discriminator. 

tervals during which the key is closed are called mark
ing intervals. Thus, in the letter S there are three dots, 
and it may be referred to as " mark-space-mark-space
mark" preceded and followed by a continuous space 
signal to separate it f rom other letters. Letters contain
ing dashes, such as A could be designated as "mark
space-long mark" or, more correctly, "mark-space-mark
mark-mark," since a dash is equivalen t on the time axis 
to three dots. The shift of amplitude or frequency from 
space to mark cond ition is known as a space- to-mark 
transition and , similarly, the return shi ft is called a 
mark-to-space t ransition. These t ransitions occur almost 
instantaneously, and are usually considered instantane
ous for practical purposes. 

Frequency-shift keying systems ( abbreviated FSK) 
impress the desired intelligence on the rad io wave as 
a change in the radiated f requency. T his is illustrated 
in figu re 3, and again the letter S is used as an example. 

Note that the normal circuit condition is the space
frequency (key-up) condi tion. When the key is dosed 
the frequency changes instantly and remains during the 
dot or marking interval, returns to the space frequency 
when the key is opened, etc. Midway between these 
two frequencies is the assigned channel frequency, but 
the only t ime the transmitter radiates the assigned fre
quency is d uring the initial tuning of the equipment. 
Also shown in figure 3 is the variation along the ampli
tude axis caused by noise and interference, but this is 
eliminated on a portion of the drawing to illustrate its 
actual elimination by the limiter-ampli fier in the receiv
ing equipment. 

A look at .figure 3 makes it apparent that if the sig
nal is scanned along the amplitude and time axes, the 
amplitude variations due to the sig':lal intell igence will 
be zero, as illustrated in figure 4 (1). However, if the 
scanning is accomplished along the frequency and time 
axes, the intelligence is reproduced as shown in figure 
4 ( r). By this system, then, the intelligence can be 
reproduced at the receiving station exactly in its orig
inal form and will be largely unaffected by conditions 
in the radio path other than the complete loss of signal 
due to ionospheric variations. This condition, of course, 
also eliminates ordinary CW signals. As a matter of 
fact FSK, because of its characteristics, considerably re
duces the effects of fading, and will often maintain a 
usable channel on frequencies long after CW communi
cations would have been impossible due to a low sig nal
to-noise ratio. 

Several questions regarding frequency-shift keying 
present themselves: 

l. How is the signal generated and received ? 
2. What improvement in circuit meri t may be ex

pected? 
3. If this improvement is sufficient, how many N avy 

circuits will be changed over, and how soon may 
the change be expected ? 

4. What new electronic equipment is necessary ? 

F J<.;URE 3. Three-dimensirmal 1·eJJresenlation of a frequenry-sbift keyed telegraph signal . 
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FIGURE 4.- Recei 11er respom e to ~SK telegraph signals 
co11verted by (left) a conven:1onal detector and 

(right) by a11 FSK rece1Ver-con 11er/er. 

KEYING 

INPUT 

F IGURE 5.- Ttvo arrangements for f requency-shift key
ing a tranS/11!/ter. 

. t ' 5. How complicated is the new eqlllpmen . 
Although this article wi ll make no attempt to g ive 

deta iled information on equipment, these questions arc 
answered in the following paragraphs. 

In its simplest form, frequency-shift keying .of a 
transmitter could be accomplished merely by shunting a 
capacitor and key in series across the osc ill~tor tank 
circuit, locking the normal key of the .tra~sm1tter, and 
operating oscillator-ci rcuit key. The sh1ft m frequency 
between mark (key-closed) and space conditions woul d 
be determined by the effect of the additional capacity on 
the oscillator frequency, and the multiplicati?n fact?r i.n 
the transmitter amplifiers. Thus, if the desHed sht ft tS 
the conventional 850 cycles at the radiated frequency, 
and this frequency is four times the oscillator frequency 
(doubled in two stages) , the effect of the addi tional 
capacity on the oscillator would have to be li mited to 
212.5 cycles. Frequency-shift keyers are, of course, more 
elaborate than this simple illustration, but the bas ic prin
ciples are the same. That is, the keye~ operates to 
change the oscillato r frequency by a certam number of 
cycles, and th is change must be correlated witl1 the 
multiplication factor of the transmitter and the desired 
shift in the transmitter output frequency. Some keyers 
also include a phase-modulation featu re wh ich min
imizes undesirable effects caused by selective fading of 
the received sig nal. 

FIGUR E 7.- Arrangement of FSK receit,er-converter f or 
operation direct from tbe IF amplifier of a receil'er 

U1hich has been modified f or tbe p11rpose. 

'\11 medium- and high-frequency transmi tters now 
being designed and procured will contain FSK features 
as an integral part of the equipment, bu t a number o f 
existing transmitters have been and will be conYerted 
for FSK operation by the use of an external unit. 
Transmitters such as the TBA, TBK, TBM, TCK and 
others lend themselves readi ly to such conversion. 

In general, the units may operate on either of two 
p rinciples. First , the keyer may take the . tran.smi t~er 
master-oscillator frequency and, by modulatmg tt w1th 
the output of an additional oscillator which is fre
quency-shift keyed, obtain two frequencies which are 
fed into the intermediate power ampli fier stage of the 
transmitter and so up to the output circuit. One of 
these is the mark frequency and the other is the space 
frequency. This system is illustrated in the block dia
g ram, figure 5 (right) . 

Figure 5 (I) illustrates the second method in which 
the master oscillator of the transmitter is itself shifted 
in frequency by the keyer or, in some instances, is re
placed entirely as the frequency determinant by an ~s
cillator in the keyer unit. In addition to the FSK umts 
proper, necessary coupling systems are provided to ~ake 
the complete conversion . These uni ts employ stn ctly 
conventional modulation and filter circuits, and arc 
therefore easily serviced and maintained. 

At the Receiving end, the additional electronic equip
ment necessary for FSK reception is a little more com
plicated because it is here that the principle advantages 
of the system are derived. There are two methods by 
which the intelligence of an FSK signal may be used 
and, since either method may be encountered, both will 
be discussed briefly. Standard communication receivers 
are used , plus an addi tional unit called a Receiver Con
verter, it being the adaptor which determines the 

method employed. 
Fig ure 6 is a block rep resentation of one method, 

which utilizes the audio output of the receiver. Here the 
mark and space carrie r f requencies are received in the 
convent ional manner, the CW oscillator in the receiver 
causing separate mark and space audio f requencies to 
appear in the output. The receiver is normally adjusted 
in such a manner as to produce a mark f requency o f 
2125 cycles, and a space frequency of 2975 cycles. It is 
th is two-tone audio sig nal that drives the converter. The 
sig nal is first fed th roug h a band-pass fil te r to remove 

FIG URE 6.- FSK recei11er-ronverter f or operation from 
1 rro-tone audio 0111 p111 of a ront•entional rereir,er. 
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interferance from adjacent frequencies, and then 
through a limiter-amplifier to eliminate amplitude varia
tions in the signal. From the limiter output the signal 
passes through a pair of filters which separate the mark 
and space components. These frequencies are then sep
arately detected, amplified and rectified, the resulting 
DC being used to operate a keyer. The keyer may then 
operate a high-speed recorder, an audio osciilator for 
manual reception, a relay for further transmission to a 
remote point, or the relay of a teletypewriter. 

The second type of receiver converter is shown tn 

figure 7. In this case the signal energy is taken from 
the receiver at the IF amplifier output. This energy 
enters the converter through an additional amplifier, a 
limiter and, in some cases, an additional frequency
conversion. stage. It then passes into a discriminator, 
the output current of which varies in proportion to the 
frequency of the applied signal. This variation in cur
rent is used to operate a keyer to furnish the same serv
ices as above. 

The advantage of frequency-shift keying may be sum
marized by its effect on the various factors which de
termine the merit of a circuit. A preliminary estimate 
of these effects is shown below, using conven~icnal on
off keying as a standard. 

Signal- Selective Flat Total 
Keying Method to-noise Fading Fading Jmprm•emen/ 

(a) on-off 0 0 0 0 
(b) on-off, with 

phase 
+3 modulation -5 +8 0 

(c) FSK +4 0 +13 +17 
(d) FSK, with 

phase 
+20 modulation +1 +8 +13 

The phase modulation feature is not always included, 
but if used is accomplished by a special keyer unit. It 
consists of phase-modulating the carrier at a rate of 200 
cycles, the phase displacement being approximately one 
radian. Its effect is primarily a minimization of selective 
fading effects. No additional equipment is required at 
the receiving end. 

It is apparent that FSK plus phase modulation may 
result in circuit improvement up to 20 db, or the same 
improvement which would result if a 100 kilowatt 
transmitter were substituted for a 1 kilowatt transmitter! 
Even without the phase modulation, FSK may give up to 
a 17 db improvement, which is equivalent to a fifty-fold 
increase in transmitted power. 

This improvement makes practical the use of automa
tic printers on radio circuits, and for this reason radio 
teletype circuits ~re almost always frequency-shift keyed. 
It should be pomted out, however, that if a keyed cir
cuit has a high signal-to-noise ratio and is free from 
selective or flat fading, perfect operation of a teletype
writer is possible, and FSK would offer no improve
ment. Its advantage is important only when the circuit 
deteriorates to marginal or near marginal conditions due 
to fading, noise or interference. In other words, FSK 
makes possible the use of a given channel for many 
more hours per day on otherwise difficult long-haul cir-
cuits. • 

Much FSK equipment has already been installed at 
Navy shore radio stations and in Naval vessels; more is 
being installed as rapidly as it can be produced, and 
within a year much of the Navy's long-haul communi
cations wiii probably be carried on FSK circuits. 

VG PROJECTION LAMPS 

• Whenever the erase time of a VG is too long, chang
ing the projection lamp may remedy the condition. Tests 
made by the General Electric Company and by the Ra
diation Laboratory have shown that after 200 hours of 
life a deposit forms on the inside of the bulb. This de
posit decreases the heat output to such an extent that the 
temperature on the face of the 4AP10 tube is lowered 
by as much as ~0° C without decreasing the visible light 
output. 

The resistance of the 4AP10 tube depends largely 
upon the temperature at which it is operated. If the 
heat controls are set at maximum and the erase time is 
too long, the projection lamp should be replaced as a 
possible solution. 
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Block diagram Jhowing location of the delay line to compensate for fixed ra11ge-error. 

The Trigger Delay Line 
A MEANS Of INCREASING ACCURACY OF REMOTE PPI'S 

Lt. (jg) MIRIAM K. STERN, USNR(W), BuShips 

• On scopes whose trace starts on zero range, the 
distance to the target is measured by the elapsed time 
from the beginning of the trace to the appearance of the 
target on the screen. But in order for this elapsed time 
to be presented correctly on the scope, delays in trans
mission must be taken into consideration. 

Referring to the block diagram, it becomes apparent 
that the distance traveled by the returning video signal 
from the receiver to the remote PPI is substantially the 
same as the distance traveled by the trigger pulse from 
the transmitter to this same PPI. If no other delays 
were present in the system, range would not be affected. 
The video signal, however, arrives with the additional 
delay caused by the time of travel of the pulse from the 
transmitter to the antenna, the time of travel of the re
turning echo from the antenna to the receiver and the 
delay inherent in the radar receiver itself. 

With the . advent of precision remote PPI repeaters 
(Model VF), some form of compensation for this 
range error due to the delay in the video signal becomes 
necessary, since otherwise the full accuracy of the re
peater is not realized. The Trigger Delay Line, installed 
as shown in the block diagram, accomplishes this cor
rection by delaying the start of the sweep a sufficient 
time to compensate for the additional delay of the video 
signal. 

A research problem was set up to determine the pre
cise amount of delay which could be expected in search 
radar systems, then a delay line was designed to incor
porate an adjustable delay of the radar trigger between 
the radar transmitter or modulator and remote PPI 
adaptor or junction box feeding and radar repeater. 

The SR-2 and SG-3 Radars and later models now 
incorporate this delay line within the radar system itself, 
since. with the . more accurate ranging circuits now in 

use, the trigger delay line has become an integral part 
of the equipment. 

The tri~ger delay line, Navy Type CRP-14ABD, is 
actually a low-pass filter, consisting of a multiplicity of 
"T" sections in cascade, each section having the neces
sary amount of series inductance and shunt capacitance 
to provide a .05 microsecond delay. The trigger delay 
line contains six groups of eight identical sections, the 
48 sections thus providing a total delay of 2.4 micro
seconds. In the radar system the time interval of .05 
microseconds is approximately equal to 8 yards in range, 
the total available correction being then approximately 
384 yards for each delay line. Newer trigger delay lines 
will have only five groups of networks providing a total 
delay of 2 microseconds, since 320 yards delay has been 

found sufficient. 
The frequency response characteristic of the delay 

network is essentially flat to 7 Me, thus providing on
distorted transmission of the trigger signal. 

The unit is housed in a rectangular case with a re
movable front cover, and is designed for bulkhead 
mounting. It is 15 ~, high, 8 27 /32" wide and 41/ti" 
deep, and weighs approximately 17 pounds. Its nominal 
impedance is 75 ohms and it should be used with the 
standard Navy RG-12/U coaxial cable. 

In general, the method of adjustment is to insert the 
trigger delay line between the master radar transmitter 
and the feed to the repeater, using a portion of the 
delay network. The range as read on the radar repeater, 
with the experimental delay inserted, is then checked 
against some very accurately known standard. If in 
agreement, the adjustment of the line is completed. If 
in error, the difference in yards is divided by 8 to de
termine the number of delay sections to be inserted or 
removed. 
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USMC 1 B 011tpost shou•i11g 
typical gwund imtallati011. 

AN/TPS-lB 

mobile radar unit 
BY LT. COL F. A. RAMSEY, JR., USMC, BUREAU OF SHIPS 

Tbe 1 B 111011111ed i11 a USMC 6.Y6 tmck, sho·ll'i11g posi
tioll of operator a11d eq11ipme111. 

• "Two ANj TPS-lB 's came ashore very early and have 
been running ever since. Their coverage is excellent, 
and ranges are good. P lanes are detected and tracked 
beyond the 200 mile range by disp lacing the sweep. 
Video discriminator and expanded A-scope make peop le 
go delirious with joy and p raise. Between the two, 
operators can accurately count planes in the raids. With 
no other search set can we get more than a guess as to 

number. Everyone says the power uni ts are the best 
ever supplied with any equipment. Operation is con

tinuous for 23 hours a day except that the hour's rest 
isn't taken." 

The ANj TPS- 1 B is a long-range search equipmen t. 
The orig inal design called for transportable gear to be 
supplied in boxes. Subsequently it was decided to fur
n ish vehicular mounting kits of two types for optional 
use in mounting the gear in either a truck or a t railer. 
The mod ified equipment may be removed and trans
ported by land or air. 

The first ANj TPS-lB production equipments rolled 
from the assembly line in Decembe r of last year. A 

few were flown out to combat areas in Janua ry and 
si nce that time the man ufacturer is deli ve ring 1 B's at 

the ra te of seventy per month, which will complete dis
tr ibuti on in November of this year. 

The ANj TPS-1 B has been well liked by radar pe r
sonnel who have worked with it. Its simplicity and 
ease of maintenance, its unusua l range performance, and 
its good low-ang le coverage compared with other long-

range early warning sets, have proved its worth as a de
pendable air-warning radar. It is a "Rolls-Royce engine 

in a Model T body." 
There have been some difficulties with this equipment 

in the fie ld. Fortunately all of them h ave been minor 

troubles which have yielded readily to impromptu so
lutions by resourceful technicians and operators. In 
some instances field modification ki ts h ave been author
ized to correct d efects. In other cases changes in design 
were incorporated in production as early as practicable 
with no attempt to make field modifications. 

VEHICULAR MOUNTING KITS 
The most important field change is the vehicular 

mounting kits which put the JB on wheels. Type MX 
463j TPS-lB kit permits the equipment to be installed 

in a standard 2V2 ton, 6 x 6 cargo truck. The ki t in
cludes all necessary metal fittings for such an installa
tion, plus a special tarpaulin and a light-proof rear cur
tain. Use of the kit permits the equipment to be trans
ported to the site selected and to be operated from the 
truck. 1t adds g reatly to ease of stowage and shipment. 
If desired, the equipment may still be ope rated from 

the ground as originally intended. By operat ing from 

the truck, the equipment may be kept out of the mud 
and water- a distinct advantage, especially during the 

assault stages 'of an operation . 
When installed in the truck, the boxes containing the 

operating components are d ivided into two stacks placed 
side by side along the center of the truck,. all front 
panels except one open ing toward the port s1de of the 
truck . The forward stack contains (from the bottom 
unit upwards) the receiver, transmitter, antenna drivr 

uni t and the antenna. This stack rests on a metal plat

fan~ which is furni shed as part of the kit. The second 

stack contains the modulator bo:: (on the bottom with 
the front panel facing aft), the ind icator box and the 

BN- 2 (BN) equipment, bolted in place if desired. 
With the components in the positions indicated and 

the ta rpaulin and rear curtain installed, op~ ration under 
b lackout conditions is possible. By extend mg the regu
lar truck tarpaulin from the rear curtain aft, thus inclos
ing the rear of the truck, ample space for a fie ld work 
shop is provided. In packing for transit, the stacks re
main in the operating positions, on ly the antenna and 

the antenna drive unit being removed and stowed else

where in the truck. 
Since 1 Ju ly about one h und red of these ki ts have 

been made available. The present contract calls for 

comp letion of ,1 total of 5 30 kits by 1 September for 

d istribution to the Army, N avy and M arine Corps. 
The Type V l 4j TPS- l B Trailer Mounting K it has 

a lso been assembled in li mited quantity for U . S. Ma
rine Corps applications on ly. l t consists of a one-ton, 
four-whee l equ ipment trailer, N avy T ype CAHV 
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10343, welded chassis, all steel, tailgate, roof bows and 
tarpaul in covered, h ydraulic brake control. 

Both of the mounting kits a re supplied complete 
with the necessary mounting fittings, and tarpaulin 
shelter for mounting the lB. These fittings may be 
used to mount the eguipment in a van . A crew of four 

men can accomplish the complete installation within a 

period of five hours. 

MODIFICATION KITS 
Kits are furni shed for the fo llowing modifications, 

these changes already having been incorporated in pro
duction models commencing with units having the seria l 
numbers shown: 

MODULATOR UN IT MD 32/ TPS-IB- 1. Change in filt er for s park 
wheel motor governor. (Seria l !'\ o. 160) . 

2: Replacement of formed high t ension cables with wire in vinylite 
tub1ng to red uce possibility of ,·oltage b reakdown. (Serial No. 192.) 
1>1 3. Change m connector on pulse cable, to provide proper seating and 
contact for the p in on t he male connector. 

RECEIVER R 87/ TPS -IB- 1. Addition of fuses in anode circu its of 
cavities, to a':oid a t edious replacement problem , (Serial !'\o. 200). 

2. Connecuons to converter changed to eliminate local oscillator b lock
ing, (Serial !'\o. 98) . No field kit has been furnished for this change. 

TRA:"'SM !'ITER T 7(o ' TJ>S- 1 B- 1. ~ubstitution of direct sprin g coupler 

WHERE'S YOUR RADAR 
SERIAL NUMBER? 
• Often when filling out re
ports on completed radar 
field changes, the different 
serial numbers on the various 
units cause confusion, and 
the question arises, "Which 
one is the equipment num
ber?" 

The following chart indi

cates the unit of each radar equipment w hich bears the 
complete equipment seri al number. 

Radar Unit Radar Unit 

SA 1 ransmitter SV Transmitter 
sc Transmitter Mk. 3/4 :Main Frame 
SD Transmitter Mk.lO Main Frame 
SF Transmitter Mk. 12 Main Frame 
SG Main Frame Mk. 13 Console 
S] Power Control Unit Mk. 18 Main Frame 
SK 1 ransmitter Mk. 19 Power Control 
SL T ransm itter Mk. 22 Main Frame 
SM Transmitter Mk. 26 Power Control 
!::.0 Indicator Unit Mk. 27 Main Frame 
SP Transmitter l'v!k. 28 Power Control 
SR Transceiver Mk. 29 Power Control 
ST Transmitter Mk . '>4 Power Control 
SL' Tran-.mitter 

QJA TRAINING SYSTEM 
• In case of emergency, the electronic tra in ing system 
in the QJ A Indicator and Control Unit can be by-passed 
provided the locking magnet K-311 is held in the oper
,lt<:d position. If this is done, rotation of the handwheel 

for capacity coup1cr in the center conductor to t1 . · · 
burning of the ITI3:t.'llctron, (Serial No. 226) . lC magnetro n, to clamw:ttt! 

2, Magnetron filament transformer changed to · d · 
of overvoltag~ a nd bette_r tap insulation, (Serial ~~.VI·I 3c) gr~~terfl " jdar\::'n 
has been furms hed for thJS change. · 1 o IC It 

,f\ NTENNA !\S 12
1
0/ !PS-lB- 1 . . Kit for reducing a ntenna rotation speed 

rom appr o:-um atc y .).3 to 4 r pm. 
2. A kit. for blowing warm air through the transmission r f 1 

antenna drh·c unit to the projector. me ron1 t. tt! 

3. llrcakablc link fo r synchro generator GSO! t 
the synchro if t he s haft becomes frozen. 

0 
p reven t damage to 

KITS NOW BEING DEVELOPED 
In addition to the kits described above. the Dell Tcle hon · . 

arc developing two ma jor kits for the AN/ TPS-1 13 PTI e La~oratone, 
follows: · tesc k1ts nrc a:; 

1. Antenna kit. t.o improve the vertical coverage of the . r 
2. ?. loving target idcmiflcation (l'\'ITI), employi ng Lh~ ~~fnt anten1

1
1a : 

doppler system. terent pu !!t' 

CHANGES WITHOUT KITS 
No k its arc furni shed for th e following ch an ges: 

INDICATO_R UN~T. ID 84/ TPS -IB- 1. Resist ors a dded t o reduce 
range-mark Jitter (Sen al No. I 07). 

2. Capacitors added to equalize range adjustment, (Serial No. 80). 
3 •. Intens1ty controls changed to 1ncreasc range of b rightne t 1 

(Senal No. 260). ss con ro . 

RECTIFIER AND JUNCTION BOX I'P 91/ TPS- I B- 1 Locatio 1 o i 
safety switch changed (Seria l No. 73) . · • 

1 

2 .. Capacitor of 2 uf added to recti fier filter to red uce "A" scope jitter 
(Scnal No. 73). 

3. Capacitor ~f 2 uf a nd a resistor of 1600 ohms a dded t o rectifier filt er 
t o reduce n pple mterference on the PPI scope (Serial No. 166). 

ANTENNA DRIVE UN IT MX 191 / TPS-113- 1. R esis tors added to 
red uce zcromg: current tn the synchro motor (Serial No. 225). 

will drive directly through the gea ring to the commuta
tor transmitter. 

The Pawl DU (Drawing #39, ES-649322 ) may be 
locked in the operated position by tightening the screw 
27D and Jock nu t 35D . \XIhen the electronic system is 
repaired and again placed in operation, it will be neces· 
sary to readjust the screw 27D in order to restore the 
system to its original operating condition. 

- 1Vestem Electric 

C.E.M.B. REVISED 
~ The Communication Eguipmen t Maintenance Bulle
tm has been completely revised and is now being dis

tri~uted: The old typewri tten copy has g iven way to 
pnnt With the result that the book is smalle r and easier 
to use. 

Another important change is in the a rrangement. All 
information on a given equ ipment now appears to
gether, and index numbers at the top corners make it 
easy to lind you r way around. The new ed ition rep laces 
all existing pages, so these may be destroyed . 

REPLACING 5021 TUBES 
• Fail ure reports indicate that difficulty has been ex
penenced with type 5D 21 tubes used in ANj CPN-6 
transmitter-modulators. An investigation resulted in the 
replacement of this tube in all future shipments of 
eq uipment spares by type 715-C which gives bette r per· 
formance and has a longer life expectancy. No circuit 
change is necessary for the replacement as the tubes a re 
very simi Jar. 

- E. F S. G. 

JOINS THE FLEET 
Lt. J. J. Crow ley, USNR 

• Frequency-modulated sonar equipment providing a 
nearly continuous p~1n position indication of under
water objects within the superson ic range is now mak
ing its appearance in the Pacific. The installations, des
ig nated as Model QLA Echo Ranging Equipment, were 
developed by the University of Californi a, Division of 
W ar Research, at the U. S. Navy Radio and Sound Lab
oratory at San Diego, .and .are being ~anufactured by 
W estern Electric. The1r pnmary functiOn is the detec
tion of mines. Although designed for both surface and 
submarine vessels, present installations are submarine 

A frequency-modulated signal of short duratio~ 
called a sweep frequency has been employed 10 most 
~1odels. of sonar echo-rang ing eguipment.. Its purpose 
IS to g1ve the retur111ng echo a charactenstic "chir .. 

b d
. . p, 

there y enabling the operator to ISttnguish it from a 
high backg round of noise and reverberation. 

The QLA is the first equipment to employ a sig nal 
of continuously varying ~regu~ncy. to determine the 
range of an object. It proJects 1ts s1gnal into tile . . water 
and at the same t ime feeds 1t mto the mixer of tl . . re~ 
ce1ver. W hen an echo returns, 1t heterodynes w'tl 1 . 1 1 t 1e 
proJ ected freg~tency, ~nd the frequency difference be-
tween the prOJected s1gnal and the returning e h . c o can 
then be mterpreted as range. 

Submerged objects wh ich are good super . sontc re-
flectors are represented on a cathode ray tube i h . 

. . 
1 

. . R n t e1r 
posttwns re at1ve to the sh1p. anges can also b . . e read 
d1rectly on the scope. A long-persistency scree ll n a ows 
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FIGURE !-Block Diagram of Model QLA Sonar Eqt~ipment 

the operator to study the movements of the object. 
Moreover, the pitch of the tone from a loudspeaker 
gives a good indication of ranges to the experienced 
operator. 

Sound waves generated by the frequency-modulated 
oscillator (FMO) are amplified and then projected into 
the water by a projector producing a wide fan-shaped 
beam which floods the area in an arc of about 80 °. The 
signal radiated is practically continuous, the frequency 
varying uniformly with time, beginning at a maximum 
of 46.7 kc and ending at a minimum of 36 kc. At the 
end of the cycle the signal returns to its maximum in 
a few milliseconds, during which time the RF amplifier 
is inoperative. 

Ranges of 300 feet and 300, 600, 1200, and 3000 
yards are provided. Minimum range on each scale is 
one fourth of the maximum range. The rate at which 
the frequency changes with time determines the fre
quency difference corresponding to a given range. 

Range accuracy is limited to about 3(/c, of maximum 
range. The directivity of the receiving hydrophone 
limits bearing resolution to about 5°, although more 
accurate bearings can be read by taking a center bearing 
on the visual indicator. A pronounced doppler effect 
will cause an error in the measurement of range. For 
each 2. 5 knots of relative range rate, this error amounts 
to 75 cycles or one channel on the CRO screen. Thus 
~he measured range is too large when the target is clos: 
mg and too small when it i$ opening. 

EQUIPMENT 
The various units of QLA Sonar installation may be 

divided into three groups, all interconnected through 
junction boxes. 

The Indicator, containing the CRO tube and all oper-

ating controls, together with a loudspeaker, comprise 
one group, generally located in the connin tower of 
the submarine. · g 

The second g~oup is composed of the following units 
usually stacked m the forward torped ( ) F o room: a re-
qu1.efincy Modulated Oscillator (FMO), (b) Power Am-
p I er, (c) Receiver whi' h · h . . • c mixes t e returnmg echoes 
With a sample of the p · d f . rOJecte requency and (d) the 
Analyzer, whtch selects the prop • h 1 d . er range-c anne an 
time-sequence for the res It' d'ff . u mg I erence frequenctes. 

The sound head and h · t · . . OIS -tram mechanism make up 
the .thiCd group of units. The sound head consists of 
a. wtd~-angle ADP crystal projector and a narrow-beam 
duectwnal hydrophone. 

CIRCUIT FEATURES 
A bloc.k diagram of the Model QLA is given in fig

ure !· Ftgure 2 shows how the signal of continuously
varymg frequency is generated. Capacitor C-106 
charges at a constant rate through V1 06. The grid of 
Vl08A <V2 6~N7) is connected to the plate side of 
C~106. and as tt charges negatively it carries the grid 
Wtth It. V108A is connected as a cathode follower. 
Yl09 and VllO are coupled as a multivibrator whose 
grids are connected to the high side of the cathode of 
Yl08 and are therefore always biased positively. The 
~~eque~cy of t~is multivibrator varies linearly as its pos
thve b1as.. Th1s positive bias decreases as the grid of 
VI08A, tied to C-106, goes negative. When the cath
ode of Vl08A drops to a certain point the gas tube 
VI07 fires, blanking the RF amplifier, discharging 
C-106 through V105, and starting the cycle over again. 

A specially designed cathode-ray tube is used to set 
potentiometer R139 ("set high") for 46.7 kc, and to 
set potentiometer RI44 ("set low") at 36 kc. The va-
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rious ranges are obtained by using different-size resistors 
in the cathode of V106. 
Th~ output of the multivibrator is coupled to a 

cathode-follower triode V111. This output is .fed via 
a filtering circuit to an RF amplifier. The output of 
the RF amplifier is coupled to the power amplifier and 
to the receiver mixer stage. 

The receiver circuit of the QLA equipment is de
signed so as to give the same gain level regardless of 
the range of the target. The echo is picked up by the 
narrow-band hydrophone unit and then coupled to a 
balanced-bridge dry-rectifier-type mixer which is coupled 
to the output of the RF amplifier. The difference fr~
quencies produced by heterodyning the two frequencies 
may be anywhere from 0 to 10.7 kc, but the band used 
is from 500 to 2000 cycles. The response of the first 
stage of amplification is peaked at 2400 cps so that its· 
gain at 2000 cps is about 24 db above its gain at 500 
cps. The remaining stages are equalized so that the 
overall gain rises approximately 12 db for each doubling 
in frequency from 500 to 2000 cps, and reduces the 
gain outside the band. 

The output of the receiver is fed to the loudspeaker 
and to the analyzer. 

The Analyzer is divided into two chassis. It contains 
20 band-pass filter-networks with associated detectors 
and an electronic switch. Analyzer I has ten filters 
covering the band from 500 to 1250 cps and analyzer 
II has filters covering from 1250 to 2000 cps. For each 
of the 20 band-pass filters there is a corresponding con· 
centric band on the CRO screen. Therefore a spot is 
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brightened at a position whose distance from the center 
of the scope is proportional to the filter frequency and 
therefore the range. A 500 cycle frequency ·brightens 
the trace%" from the center and a 2000 cycle brightens 
it 3" from the center. 

The cathode ray sweep is made to start out from the 
center at a radius corresponding to one-quarter of the 
outer radius of the sweep, the minimum range being 
one-fourth the maximum range for each scale. 

A network composed of a sine potentiometer geared 
to the hydrophone column, a sweep generator, and a 
synchronizer, orients the trace on the screen so that it 
is at the same angle with respect to the center line of the 
screen as the hydrophone bearing is with respect to the 
center line of the ship. The sine potentiometer consists 
of a card wound with resistance wire mounted on a 
shaft perpendicular to the card at its center. As the 
card is rotated, the voltage picked up by brushes will 
go through a sinusoidal variation, with the p~ases of 
the voltage varying at intervals corresponding to the 
sine, cosine, negative sine and negative cosine of the 
angular position of the shaft. Four sawtooth voltage 
generators feed the four deflection coil driver tubes. 
This causes the spot to be deflected outward from the 
center in a direction corresponding to the orientation 
of the sound head. 

Training in the operation and maintenance of QLA 
sonar gear is now an integral part of the Fleet Sound 
Schools training programs, and action reports indicate 
its usefulness in the overall tactical conduct of the war 
m the Pacific. 

TO BLANKING CIRCUIT 

TO LOW PASS 
FILTER ( RF AMP. a 

POWER AMP.) 

FIGURE 2-Simplified Sr.hematic of the QLA SU'eep-Freqllent)' O.rcilllllor Cirmits 
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• For those who are not famil iar with the SP radar, 
it is a simpl ified and smaller version of the SM. It is 
an S-band, general air and surface search set which may 
be used in conjunction with fighter direction. The prin
cipal function of this equipmen t is to provide range, 
azimuth, and altitude information on aircraft. The first 
units made their appearance in the fleet about the first 
of the year, going to the islands with the Marines as 
a trailer mounted mobile GCI set, the SP -1M. Al
though no radical changes or modifications have been 

made in the SP since its introduct ion, many minor 

changes have occurred and will continue to be an

nounced to keep the gear in step with increased knowl

edge and field experience. 

The SP has three types of echo presentation: a PPI, 
an A-scope and an R-scope. D elayed PPI is also avail
able. The PPI has fi\·e range scales presenting maximum 

ranges of ~ . 20, 50. 100, and 200 nautical mi les. The 
A · 'iCOpe p resentation is fixed at 100 mi les, while the 

The Model SP-1 M is an SP momJ!ed in a trailer. 

R-scope allows any five-mi le portion of the A-scope to 

be examined in detail. A "strobe" is applied to the 
A-scope to indicate what portion of the A-scope is be
ing viewed on the R-scope. 

The antenna supplied w ith the SP has a paraboloidal 
"dish-type" reflector approximately 8 feet in diameter 
which is stabilized to compensate for the roll and pitch 
of the ship. The beam width is about 4° at the half
power points. To obtain accurate bearing and altitude 

information, the antenna must be accurate ly directed at 

the target. This is accomplished by a scanner which 

rotates the effective antenna position around the foca l 

point of the reflector. As the waveguide is sh ifted 

around this point, the beam is shifted , a complete revo
lution describing a hollow cone in space. A sing le echo 
is "gated" by the receiver, and applied to the Precision 
Alignment unit along with info rmation from the scan
ner. The Precision AI ignment unit senses the change in 
echo strength with a change in beam direction and 

.• 

sends this information to the cathode ray tube in the 
Target Alignment indicator, which provides a "moving 
spot" type .of presentation. True · beating accuracy is 
within 45 minutes of arc. The controls which vary the 
elevation and bearing setting also control the mechani

cal-electrical height computer, and altitude is read di

rectly from a meter in thousands of feet above sea level. 

A potentiometer whid1 compensates for the curvature 
of the earth in altitude determination is being installed 
at the factory. This change is being made retroactive 

for units already installed. 

The SP was originally supplied with two modulators. 
The "A" modulator pulsed the magnetron for 1 micro
second at the rate of 635 pps. The power drain is 12 

bv, and the peak power output is between 500 and 700 

kw. Modulator "B" .is not used in the present installa
tions, and is being modernized. This modernization 

will be known as Field Change No. 26, soon to be 

distributed. 

The following paragraphs include field changes and 
information for guidance and help to the technicians 

who maintain the SP .. gear. 
Field change No. 20 supplied a separate keep-alive 

power supply unit. Before this change is made, the 
keep-alive potential of 600 volts is taken from the syn

chroscope. 
The trigger-delay junction box should be checked 

against a highly accurate fire control radar, and not by 
use of the optical range finder. The initial setting for 
delay can be determined from the time delay of the 
receiver and the waveguide. According to NRL figures, 
the delay inherent in the SP receiver is 1.1 p.5 for the 
wide band and 1.4 p.5 for the narrow band. Delay in 

the waveguide is .14 p.5 per 100 feet of. transmission 
line. Rem~mber that twice the length of the waveguide 

is used in computing this delay to allow for the delay 

in the pulse plus the delay in the returning video signal. 
Concern ing the 600 cycle alternator, reports have 

been received of abnormal slip ring wear and pitting. 
The manufacturer's field representatives have been in
structed to check the brush pressure, which should be 
about 24 ounces. RTs can make this check if a spring 
scale is avail able. The check is made by inserting a 
p iece of paper between the spring and brush. A scrap 
of tin may be fi tted around the spring holding the brush 

and then connected to the spring scale. The sca le is 

li fted and a reading taken when the paper can be 

moved. As an interim measure, some new brushes have 

been supplied lo ships having this trouble. The manu

faclurer is present ly working on a field change which 
will include new slip rings and brushes. 

f or p roper video in tensification of the PPI scope, the 
A-scope is operated with approximately y2 inch of 
g r.tss. To decrease the video level on the A -scope and 
!<-scope:, in order to reduce eye tra in on the operators, 

and provide more room on the scope faces for IFF dis
play, the following changes are authorized: ( 1) Re
move connection between C-129 and R-142 and connect 
C-1 29 to the junction of R-140 and R-142. (2) Solder 
a bus wire jumper across L-11 4. ( 3) Change the sche

matics to agree with the wiring changes. The change 
is being made at the factory on all SP radars after No. 

112. 

A wiring ch ange in the servo amplifier which will 
eliminate internal parasitic oscillations and pickup f rom 
external wiring is authorized. This change requires the 
use of three capacitors as follows: A .05 p.f, 600 V 
capacitor is wi red across the 1-speed input (terminals 
3 and 4 of the main terminal boa'rd). 0.1 p.f, 600 V 

capacitors are connected between g rids and cathodes of 

V-3355, a 6SL7GT (current limite r tube) , between pins 
1 and 3 and between pins 4 and 6. 

Another kit presently being prepared will provide 
locks for the eight controls on the front of the SP 
console. 

Perhaps the newest addition to the SP is the Speed 
and Course Computer, type CT 10-AEX. A few of 

these units h~ve already been shipped, along with in
structions for operation and adjustment. It will be no

ticed when using this computer, that the true target 

course indicator dial is jumpy. This is normal and should 

not cause concern. The bearing synchro follows the 

bearing dial by + 5o, which means that the synchro 
can jump by as much as 10o. Inertia of the system also 
aggrivates this condition. 

All of the sets having the Speed and Course Com

puter also have t~e Earth's Curvature Adjustment 
added. This potentiOmeter, R-423, is located directly 
und er the c?urse range sync~ro and can be adjusted 
only by pullang out the chassas. 
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The front panel of the RDZ presents a very neat appem·a11ce Not th . d d d 
· e e 101111 e ror11ers an recessed COl/trois. 

Rear view of tbe M odel RDZ b · I. . 
T he bliste

1
· c

0 1
,er can be . ~af~net s:Ol/lo~g the cab!e filter blister a11d location of the various cable connectors. 

lem ove 10/Jl I e bat k to prol'!de access to the filter components, or the complete filter may 
be reJI/Ol'ed tbrot~gh the front of the cabinet. 

T op vieu· showin~ the preselector chassis (left front), 
the IFj AF chassts ( right front) , and power mpply 
(rear). The automattc 111ning mechanism is /orated be-

hmd the front blister . 

Bollom view of the RDZ chassis showing arrangement 
of components to provide maximum arressibility. 

The 

R D Z 
Receiver 

• The model RDZ receiver. companion equipment to 

the model TDZ transmitter, wil l shortly be in la rge

scale production. This set will be the forerunner of an 

entirely new series of equipments designed for max i

mum util ity and serviceabili ty, but still retaining the 

sound basic engi neering principles and featu res of the 

RBA RBB and RBC series equipments that have 

prov~n sea,;orthy under battle conditions. 

This model RDZ is a 21-tube supe rheterodyne, em

ploying crystal frequency control. to permit reception 

of amplitude-modulated signals on any one of ten pre

determined channels wi th in the frequency range of 225 
to 440 Me. An automatic tuning unit is employed in 

the equipment to permit selection of channe ls either 

by local or remote control. Connections to and from 
the receiver are fi ltered to prevent possible inte rference 

from nearby electronic equipment. 
The receiver chassis assembly consists o f th ree sep

a rate sub-chassis assemblies secured together and affixed 

to the operating panel to form a composite receiver 

chassis-panel assembly. The three sub-chassis assembl ies 

referred to above consist of an RF Amplifier Unit with 

associated crystal oven and automatic tuning unit, an 

If-1 Ar: Amplifier Unit, and a Power Supp ly U n it. All 

input and output connectors and associated RF fi lters 

are contained in an assembly located in the rear of the 

cabinet. 

The RDZ has been designed and constructed to offer 

many mechanical features not found in p revious ship

board communication receiving equipments. The cab

inet and panel are devoid of all sharp edges and cor

ners, giving the equipment a modern streamlined 

appearance and offering considerable protection to 

operating p ersonnel. All front panel controls are con

tained in recesses in the panel as a protection against 

accidental movement or damage. The chassis assembly is 

mounted on fi le-cabinet-type drawer slides incorporating. 

provisions for tilting and locl)ing the chassis in the hor

izontal, vertical, or approxjfuately 35-degree tilt posi

tions, thus providing complete access to all component 

parts for servicing at the PC?int of installation. The use 

of captive, quick-acting fastening devices for securing 

shield and cover p lates precludes the loss of screws and 

expedites servicing operations. By the employment of 

specially desig ned pan el-operated locking devices, 

thumb screws have been eliminated from the panel. 

The method employed for the attachment of the con

necting cables permi ts the ready installation of two or 

more equipments in a common supporting frame in 

locations which do not provide wide clearances for 

access to cable connectors either at the sides or rear of 

the equipment. 

The preselector unit of the model RDZ equipment 

consists of a double-tuned RF amplifier stage, a mixe r 

or first-detector s tage, and a crysta l oscillato r with the 

necessary frequency-multipl ier stages required to pro

duce the desired frequency at t he mixer or fi rst detector 

g rid. Also mounted on the preselector unit are the auto

matic tuning mechansim and the crystal oven. The 
automatic tuning mechanism connects the desired crys

tal , located in the crystal oven, and tunes the receiver 

to provide reception on the desi red pre-determined f re

quency. An intermediate-frequency transformer con 

tain ing the primary of the first IF t ransformer circuit 

is located on the preselector chassis so that the coupling 

circuit between the Rf unit and the IF j AF unit carries 

only intermediate- frequency currents. 

The IF j AF unit consists of a cathode follower for 

connection of a panoramic adapter, five stages of inter

mediate-frequency amplification at 15. 1 Me, a second 

d etector, noise limiter, automatic volume contro l, s ilencer, 

silencer-amplifier, band-pass filter, a cathode follower 

fo r video output, and three stages of audio amplifica

tion . T he panel of the IF I AF un it also contains a 

tuning-indicator meter and an output-power (db) meter. 

The power unit employs a transforme r, rectifier tube, 

B-supply fi lte r network, and a voltage-regulator tube. 

These circuits are convent ional and supply all the volt

ages required by the receiver when connected to a 

source of 110, 11 5, or 120 volts, 50 or 60 cycles. A C. 

The input of the RDZ is designed to operate from 

eithe r the an tenna of the TDZ transmitter or the antenna 
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Front t•iew of tbe R.DZ cabinet with chassis-panel as

sembly removed to show details of the slide mechanism 

and cable take-up wheels. T he cable filter assembly is 

shown 111 positi011 at the rear of the cabinet. 

FREQUENCY 
.. SCANNING 

AMP 

6AC7 

' AUTOTUNE • 

fu.rn_is_h~d as . an accessory with the equipmen t. The 

sensttlvtty of the receiver is less than 10 microvolts over 

its ~a~ge. T~o degrees of intermediate frequency se

lectlVlty provtde for operation with either 200 or 400 

kc minimum channel-spacing. The overall frequency 

instability does not exceed .015 per cent when employ

ing CR-1 crystals or .007 per cent when employing 

CR-7 crystals in the crystal oven. 

The ~omin~l audio output impedance is GOO ohms, 

but the mclus10n of degeneration in the audio amplifier 

perm its a number of 600-ohm loads to be connected in 

parallel across the output terminals without se · n ous re-
duction i n volume. 

A_n intere~ti n~ sidelight to the development of this 

eqmpment ltes 10. the fact that the majority of com

p_onents e~ployed 10 the preselector unit had to be spe

oally destgned for this receiver. The range between 

200 and 400 Me has proved to be too high for standard 

components normally employed in lump circuits and 

too low for practical use of tuned stubs or lines. The 

RDZ employs lumped tuned circuits. The variable tun-

ing elements are a special form of butterfly (fl · 
. oatmg-

rotor) ~apaotors with the f rame elements arranged to 

reduce m~uctance to a minimum. Note to RT's: Please 

re~pect t~ ts capacitor as you would your lungs, because 

tim part1cular megacycle separator costs $40 per sec

tion! 

SCAN 
J 4 D3 

RF 
FILTER 
UNIT 

DOUBLE 
TUNED 

CIRCUIT 

·····----} ]" 

6V6-GT/ G 

' ' VIDEO AUDIO A C ~_j ' ANT 
J 404 J 405 J 406 REMOTE 

J 40 1 
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Interference in Loran Receivers 
The Commanding O fficer, USS BREMERTON (CA-130) 

• During the shakedown cruise considerable difficulty 

was encountered in making adjustments to and taking 

readings with the DAS-3 Loran Receiver. Investigation 

disclosed in terference from stray 60-cycle currents caus

ing fluctuations in the trace. 

Pe rsonnel from the EO's Office, Navy Yard Boston, 

traced the d ifficulty to the vol tage-regulating trans

former (Type CRP-301222) for the VD RPPI located 

in the chart house. The transformer was located about 

18 inches below the loran receiver. Instructions for in

stallation of the transformer required that it be located 

at least six feet f rom the VD RPPI but no mention was 

made of the necessity of locating it at least six feet away 

from other equipment fitted with cathode ray tubes. 

Ship's force, assisted by the navy yard , re located the 

transformer, p lacing it nine feet f rom the loran recei-ver. 

The 60-cycle fluctuations disappeared and operatifn is 

now no rmal. 

Bureau Camille/It : NRL tests show a maximum of 5 

gauss at 24 inches and 10 gauss at 18 inches from the 

right side of this transformer. The ends and other side 

exhib it Jess field. As a resul t of this report, the bureau 

is recommending that a distance of at least 6 feet be 

maintained between transformer CRP-301222 and any 

equipment w ith a cathode ray tube. 

• 
Emergency Repairs to TDQ 
Transmitter 
Commanding Officer, USS SHUBRICK (DD 639) 

• During a nig ht engagement, this vessel's TBL and 

T CS transmi tters were destroyed by enemy action, and 

the TBS and TBK were dropped overboard when the 

commun ication jettison bill was carried out. On the 

same night the following damage was infl icted to the 

TDQ Radio Transmitter: 

1. In the RF unit numerous ceramic insulators were 

b roken, the th ird tripler stage tuning dial was smashed, 

all tuning meters were damaged, both coax antenna 

cables from the antenna relay to the frame were cut 

and the connectors smashed, and the f ront panel was 

slightly bent. 
2. The modulator unit was completely destroyed and 

dropped overboard in deep water. 

3. The power un it suffered only slight damage. Sev

eral tubes were smashed and terminal board ' "D" was 

cracked. 
As a result of these events the vessel was in urgent 

need of some sort of transmitter to carry on normal 

voice rad io communications. T he sh ip's force turned to 

and made the following emergency repairs and altera

tions to the remaining TDQ equi pment : 

1. T he modulator unit was completely rebuil t from 

equipment spares. 

2. In the Rf unit the coax antenna cables were re

placed from spares, the ceramic insu lators were replaced 

by plexiglass insulators constructed by the ship's force, 

the third tripler stage luning dia l was repaired so as to 

be usable, the tun ing meters were repaired, the damaged 

indu ctances were removed from the equipment and re

placed by coils designed and constructed by the ship"s 

force. 

3. As the TDQ transmitter output frequency is the 

ninth harmonic of the crystal frequency, a crystal ground 

to 811 kc was reguired to have an output frequency of 

72.1 Me. Since an 811 kc crystal was unobtainable, an 

825 kc crystal was taken from a set of SCR-6L cryslil ls 

and given several coals of 1-Jiggin"s india ink to slow 

down its osci llations. Approximately six coats of indi.t 
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ink were required to bring the frequencr l ) t the crystal 
to the desi red f requency of 811 kilocycles. 

As the ship has no instruments for measuring crystals 
and none were obtainable, a calibrated RAL-6 receiver 
was employed in conjunction with the TDQ oscillator 
unit to provide a means of following the change of 
freguency of the crystal as it was inked. This expedient 
proved to be inaccurate, but was sufficient means for 
our needs. An LR-1 freguency meter would have been 
a much better means of measurement but this had been 
destroyed. 

Whi le an ' ' inked" crysta l does not provide a very 
stable osci llator, under the circumstances this procedure 
was the only means to an end and the crysta l proved to 
be very re liable during the period of its use. 

No means were available to measure the range on the 
TDQ after this a lteration was made, but the eguiprnent 
proved to be an efficient means of voice communication 
while this ship was in the a rea. 

The transmitter was watched closely and '>Vas f re
quently inspected. It is believed that the equipmen t su f
fe red no harmful effects as a result of the alteration. 

Bureau Comment: The ingenui ty on the part of the 
ship's force in making these emergency repairs is a good 
example of what a trained electronic team can accom
plish when such occasions a rise. ELE CTRON Magazine 
welcomes similar reports. 

• 
Preventive Maintenance 
Scores Again 

Commanding Officer, U.S.S. Frank Knox 

• The QG A Sonar Equip
ment on this ship, installed 
in January J 94 5, has been 
1n operati o n over :woo 
hour~. During th is period, 
it has been inoperative less 
tha11 hell f r111 ho11r. The only 
rep<:ated f ai I u r<: has been 
the illum i na t io n l ig h ts 
found in the consol e. Suffi 
tient spares were carried to 
replace these. 
Th i~ performance record is due in a large measure 

to the 1ntemive preventive main tenance prog ram car
ri<:d out b}' the ~hip's technicians. Thus far, weak tubes, 
defettlv<: wntacts, relays and switches have been foun d 
bejrm! complete fai lure. Furthermore, the technicians 
chelk .111 e lectronic equipment upon entering port be
l ore ,hulling down. 

Improved Seals for SC Radars 
• SC-1 and SC- 2 F ield Chan.ges 
#23 and #30 respectively are for the 
purpose of replacing troublesome 
Garlock oi l seals with an improved 
type known as the Reich seal. Some 
of the first fie ld change k its were 
supplied with the older type of seals. 
Before making the change:, therefore, 
be sure a new Reich seal is avai !able 
instead of installing another Garlock 
seal. The improved seal utilizes two 
sealing rings as shown in the draw

' _, 

ing. Before installation these rings sllot ld b 
• • J e sprung 

apart and the space between them filled wit! 1 b . . .
1 

1 u ncatmg 
01 . 

CroJJ-sectional drawing of tbe 11 R . 1 .1 . ew e1co 01 seal 
( ngbt) rom pared wit/; the Carlock seal 1/lhirh it 

rep/ares. 

• 
Test for Thermo-Setting Cable 
• A ship reported its Depth CJ . . . 
cator (DCD I) flood ed large D irection Inclt-

out. It was found that not on ly 
the JB box, but also the 14-wire cable throu h the hull 
was flooded . New MHFF-! 4 (th & ) b l 
was installed. ermo-setttng ca e 

If cable. is to go through the 1 II . 1 ld b 
I · d 1U , It S )QU e 

t 1ermo-sett1ng an not thermo-"1 t .. A · k d 
d 

. r as 11. qu1c - an 
sure test to etermme the type she tl tl bl h . 
I I t h 

. a 1 1e ca e as 1S 
o pu · a ma c to a p1ece of it If ·t 1 . . 1 · . ·f · · I c 1ars, 1t IS t l ermo-

settlllg ; 1 1t stretches and gets soft 't . tl 1 . "fl • 1 . bl . , 1 IS 1ermo-p ast1c. 
1ermo-p ast1 c ca c has a sh1ny bl k bb 1. 11 
I ·1 1 . . ac ru e r s 1ea 1 , 

w 11 e t 1ermo-sett1ng 15 a dull black. 

- - L r. s. c;. 

• 
ANfMPN-lA Instruction Book 
• ! he fin al instruction hook for the AN ; M PN- 1 A 
e~lllpmen t has ~)een made avai labl e and is being dis
tn butcd by Reg1stered Puhl ications 1 t ·s 1 . · . tr-J ~s . 1 c es1gn.1 ~ .•. 
SHIPS 316A. It contains complete lists of equipment 
and stock s1~a re parts. Preliminar}' sp:tre p.1rts Ji s t ~ 
-;hou ld be d1 sregarded and inventories maintained in 
accord,111ce with the new lists. All statements contained 
in SH IPS 3 L6A relating to the use o f 1 FF equipment 
wilh Rad10 Set AN 1 MPN- I A should be d is reg.trded . 

• 

f 

f 

• As a genera l rule tubes causing trouble are thrown 
away or surveyed if a new tube of the same type corrects 
the trouble. However, there are a few types of tubes 
which, in some cases, require circuit adjustment to in
sure their proper operation. 

If the 723·type local oscillator seems to be gui lty of 
sabotage, it should be given a fair trial. Sometimes the 
guilt may be pinned on circuit maladjustment wh ich 
can be remedied with little difficulty. 

Before surveying the misbehaving 723 tube, read 
these hints on causes and cures. The hints are taken 
from an Engineering Report prepared by the Sperry 

Gyroscope Company. 
O ne difficu lty someti mes encountered with the tube 

is do11b/e modiug. Double moding is indicated by the 
presence of two adjacent crystal current peaks, witl1 
AFC unstable, tending to Jock on both peaks or lockint: 
on one peak short of peak signal. The phenomenon is 
caused by either of two unrelated effects. 

One effect is that the tube may be considered "too 
good" ; that .is, the reflector voltage·versus-freq uency 
characteristic is so broad that the available AFC sweep 
may, within one mode of 723 oscillation, move the fre
quency through a range of the magnetron frequency 
± 30 megacycles, so that the IF beat frequency is 
reached at two points of local oscil lator tuning. In 
some cases, adjustment of the mechanical tuning may 
shift the frequency sweep so that only the pl11s 30 Me 
response is crossed. Otherwise, a tube of less mega
cycles-per.volt range must be selected. 

The second effect is due to the waveguide impedance 
at the point where the 723 probe couples in. This im-

pedance i_s reflected into the 723 osci llating ci rcuit, de
pendit:Jg -~n the amount of coupling. Given certain con
ditions of reflected impedance and frequency, the 723 
will not osci llate. If, under these conditions, the fre
quency band of non-oscillation falls within the desi red 
operating mode, two apparent crystal pe:tks will result, 
both part of the same mode, but with an intervening 
point of no oscillation between. Generally, it is pos
sible to decouple the 723 far enough from the guide 
so that, regardless of other conditions, the point of 
non·oscillation is not reached. Therefore, the condition 
may be considered a resu lt of over-coupling of the 723 
into the mixer. In equipments in which the p lumbing 
can be tuned a cure sometimes results from retuning 
the plumbing. If necessary, substitute a crystal giving 
g reater crystal current and then recouple the local oscil
lator to give about 0.4 ma. of crystal current. If this 
fai ls, the 723 should not be rejected as it will be en
tirely satisfactory under different conditions of fre
CJuency and load. The condition is often an indication 
of a burned-out or low-gain crystal which requires over
taupling to get normal current. 

Over·coupling may a lso result from the use of a crys
l.d current meter of greater than 50 ohms internal re
sistance. A meter with internal resistance higher than 
50 ohms wi ll read low by as much as 75 % , this per
centage varying with the meter resistance and that of 
the crysta l. This results in over·coupling to obtain an 
indicated current of 0.4 to 0. 5 rna. wh ich, when the 
mete r is removed, may actually be as high as 1 or 2 ma . 
A II crystal current meters higher than 50 ohms must 
be shunted down to 50 ohms with appropriate correc
t ion of· scale calibration. 

Service Difficulties 

With 723 A~.B 

Local Oscillator 
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Any tendency towards double-moding should be 
cause for rejecting a system, the general criterion being 
that, tuning manually around peak crystal current, the 
current shall drop t o zero on both sides of peak with 
no tendency to reverse direction before reaching zero. 
This is important since a change in conditions during 

operation can make a slig ht case of double moding in to 
a severe case if the tendency exists at all. 

In general, any change in impedance into which the 
723 is coupled and in the deg ree of this coupling will 
have an effect on the tube, the end effect being com
plete failure to oscillate, the intermediate effect being 
frequency pulling . Thus any change in TR cavity tun
ing, crystal impedance, or coupling wi ll change the 723 
frequency. For this reason, 723s are often blamed for 

drifting frequency characteristics when the source of 

the drift is external. There is one cause of drift due 
to the tube itself which, with the principal external 
causes, may be handled as follows : 

(a) Crystal impedances are now closely g rouped and 
any good crystal may be used w ithout retuning. H ow
ever, if the impedance changes considerably from burn
out, the 723 frequency wi ll shift . 

(b) TR cavity drift is minimi zed with the 724-B 
tube, but the 724-A caused not only signal loss in the 
cavity but also 723 frequency pulling to introduce fur
ther conversion loss. 

MARINE CORPS FAILURE REPORTS 

• Many technicians believe that a Signal Equipment 
Failure Report form is just another piece of p!J-per for 
the .. round fil e." Contrary to th is belief, the Marine 
Corps Division of Plans and Policies and the Bureau 
of Ships analyze each report . The analysis of all reports 
resu lts in the development of field changes, modifica
tion of stock levels, and the publication of informative 
material based on field experience. 

However, it is impossible to get a true overall picture 
of nec::ds in the field unless a high percentage of these 
failure:, are reported. Do you report all troubles en
countered a~ ~oon as possible? 

TUNABLE MAGGIES 

• The type 2J6L tunable magnetron should not be used 
with the: SJ and Mark 8 equipments due to tuning diffi
(u ltlb c:nlOuntered and a reduced power output. Ade
quat<: ~torks of the 706Y type magnetrons are available 
.tt N,l\ al ad1vitic-s. anJ these activities have been re
lJUc,tc:d to earmark 706A Y magnetrons for use with SJ 
radar <:lJUI pm<:nt ~- Similarly the 706BY magnetrons are 
to b<: sc:t ,hide for u.,e with Mark 8,.,Model 0, 1, and 2. 

- IF/ eslem Electric 

(c) T here is a technique to be observed in mechan
ically tuning 723s so the tuning will stay and not creep 
with vibration. In tuning in one direction, tension is 
built up opposing th is direction; . the bows are set f rom 
their previous position and the screw threads are 
jammed on one side. T hus, if the final position desired 
is reached from one d irection of tuning only, · the 
stresses and tensions will tend to relieve under vibration 
and the tuning will mechanically shift. To avoid this 
trouble, tune on past the desired tuning setting, then 
tune back through it again, but not so far-then back 
again, etc. This results in " rocking in" to the final set
ting, relieving all strains which tend to shift the tuning. 
Frequency shifts up to 6 megacycles have been m eas
ured due to this cause alone. T he above procedure re
duced this shift to less than 1 megacycle. 

(d) The greatest single source of 723 frequency 
shift is change in coupling. Under critical conditions, 
a coupling change as small as 1/ 32" wi ll jump the fre
quency 50 megacycles. The effect on AFC is obvious, 
and it follows that it is essentia l to hold the coupling 
to a fixed mechanical quantity. 

With a 724-B TR tube, with no conditions present 
tending to cause double moding, and with the mechani
cal adjustment "rocked in," the 723 will show up as 
a much better worker in your equipment. 

MARK 13 MOD 0 

W hen switching transmitters, crystals may be dam
aged if power is applied to the TR assembly with no 
keep-ali ve voltage. T his possibility can be eliminated by 
the fo llowing change which provides continuous keep
alive poten tial on both transmitters. 

1. Connect terminals 3 and 13 to terminal 8, and 
connect terminal 52 to 61 in the Transmitter Switchi ng 
Unit . 

2. Replace R-1, R- 2, and R- 3 in the rotating HV 
Junction Box with 1.5 megohm resistors of the same 
power rating . 

INTERFERENCE FROM 
SJ / ST RADARS 

- lVestem Elertrir 

• Reports indicate interference to sonar el1uipment by 
SJ and ST radars. This interference is in the fo rm of 
a high p itched hum at the repetition-rate frequency of 
the radars. The USS Threadfin (SS4 10) e liminated this 
interference by putting a lead sheathing on the radar 
cables which cross the sonar leads in the conning tower 
bilge near the lower conning hatch coaming . About 
four feet of sh ielding was necessaq'. 
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CARE OF 2050 TUBES 

• A QJB training control ampli~er h;::a~i~~es:l~:e :~::~ 
ures of type 2050 tubes. Upon wve~t t 3?0 volts de. 
voltage of the unit was found t~ bJ ;6guvol~ by chang
It was lowered to the recommen e 

2 
to ta 3. The 

ing the ac input to ! -2803 fro~ ta) 40 ho~rs before 
2050 types were lastmg aproxt~ate h ge no failures 
this change was made. A ter t ~ c an 
were noted in 60 hours of ohperal~fton. f these ?050's is 

A I to prolong t e 1 e o - . . 
not 1er way . f II before a trammg 

to allow the tu~es to warm up . ~ y wheel has been 
voltage is apphed. . If the tram! mtg hut down or be-

d · tl equ1pment was as s ' 
move_ smce 1e .ll b si nal voltage on the 
fore 1t warms up, there wt e a g flow before the 
705 o's which wi ll cause a large current . .d 
filaments are p roperly h~ated. This will cause rapt 

deterioration of the 2050 s. . A d QJB 
Furthermore there is a tendency m 91 an 

d 1 for the gear- train mechantsm to become 
sonar mo e s . 1 · J ·e 

.ff 1 o erly lubricated. Thts resu ts m a leavt r st1 un ess pr p . . 
load on the spinner motors whtch, 111 turn, causes a 
hi her late current to be drawn from_ the 2050 tubes 
in gthe tfaining control ampl ifier. For ~hts reason, p_roper 

1 b . t. f this gear t rain mechan1sm IS essenttal. 
u nca 1011 o .1k. . E r; S G 

- Lt. (jg) )Vm. c. W1 mson, •. t · . . · 

IMPROVED DUPLEXER 

• A · d type duplexing tube, type 721B, has 
b 

1~ 1 111fr0\~e T he life expectancy is better than 1000 
I een eve ope .l with the 300-hour safe limit estab-
l~~~~~~ ~~~~~~ec721A tube. The 721~ can replace the 
7? 1 A · ·t The Bureau of Slups authonzes op-

- 111 any unt . d ~ I 
e ration of the new duplexers beyon theld ??O-10~ r 
limit in all SG-A and SG-1 radars. In ac ttiOn ~ 1e 
72 1B's are made to closer tolerance, thereby sav~ng 
much retuning time upon replacement. Tests are be;ng 
nude to determine the length of operat1011 111 ot.1er 

c-q"t1 i pments. 

2C40 REPLACES 446A AND 446B 

• Th(! 2C40 tube was designed to replace the 446A 
:llld 446B tubes and is cons1dered des1rable for retro
:tcti,·e replacements. The m in in~um power output of 
the :?C4o represents a :? .5-to-1 1n11~rovement over the 
ci 168. Ffel[Uei1C}' drift ha~ been l1m1ted (O 2 mega-

cycles for ~t change from 6 to 6.6 in filament voltage, 
while that of the 446-type was about 8 megacycles. 
Mechanically the new tube has been manu fact~red to 
much closer tolerances so that it can now be mserted 
more easily in the cavity without risk of tube_ breakage 
or cavity d istortion. This tube should prov1de mud1 
more efficient operation. 

TUBES "RUGGEDIZED" FOR WAR 

II A ruggedized tube is one which is especi~IIy ?e
signed to \vithstand the abnormal shock and vtbratiOn 
produced oy gunfire, explosions, etc. The~~ t~b~s are 
designed for war use and bea_r th~ lett~r \Y/ Imme
diately following the . type des1gnat10n; t.e., ~L6~GA. 
The 6AC7\Y/ and 6SN7W are now being dtstnbuted. 
T he types listed below are being developed under htgh 
priority . 

2.'\3 
SU-lG 
6AG7 
6L6G.'\ 

6SA7 
6SJ7 
6SK7 
6SLi 

6SG7 
807 
6X5GT/ G 
2API 

ASSEMBLY OF SC RING 
OSCILLATOR 

3B P I 
SC PI 
5CP7 
7BP7 

11 D isassembly and cleaning of the ring osci llator in 
SC-series radars is necessary when the gearing becomes 
loose. It has been noted that in several installations 

this oscillator was reassembled improperly. The follow
ing information may be used for guidance in correct 

assembly : . 
The spacing between the moving part of capaotor 

C314 (butterfly) and the flat surface of sockets X~O ~, 
306, 307, and 308 should be 5/ 16" + 1/ 32". If 1t t.s 
not loosen the two set screws on the hub of the capao 
tor,' adjust fo r correct spacing, and tighten the set 

screws. 
Turn the frequency contro l d ial "A"' until capacitor 

C314 is fully meshed with the flat surfaces of sockets 

X 305, 306, 307, and 308 and lock the shaft. If the 
dial does not read zero, loosen the two set screws on 
the knob of control "A" and adj ust .the dial unt il 1t 
docs read zero. Tighten the set screws again . 

Unlock control "A," turn it unti l the dial reads 100, 
and lock the control again. The capacitor C314 should 
now be comp letely unmeshed from the fl at surfaces of 

the osci llator sockets. 
\'<lith (314 completely unmeshed and the dial reading 

100 check the position of the grid tuning disks (lollt
pop~ ) with respect to the g rid coils. _The disks and 
coils shou ld be in the same phne. ll they are not, 
loosen the set scre,,·s on the disks and adjust the disks 

until they :tre in the s.1mc: pl.1ne with the coi Is._ When 

these disk set screws ,uc tigh tened .1g.ain, the altgnment 

is completed. . . 
For .1 c1uick sumnury: wi th .1 opaotor sp.tcmg ot 

~ 16" .tnd .. A .. d i:t l re.1ding 100. the capac1tor should 

hl· l·omp letely unmeshc-,1 .lll,l the grid disks should be 

in the pl:tne of the grid coi b . 
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Automatic Bearing 

Indicator Circuits 

BASIC THEORY OF THE BEARING INDICATOR AND GONIOMETER 

OF MODELS DAQ, DAU, DAK-1 AND DAK-2 DIRECTION FINDERS . . 

• The action of the elect ronic circuits of direction 
finders equipped with au tomat ic bearing indicators is 
not well understood by many technicians. B ecause bet
ter understanding means better maintenance , this article 
describes in some detail just how these circuits ope rate. 

It is not always convenient to rotate a loop antenna, 
especially in shipboard installations, because of the size 
of the loop, its location, or for othe r considerations. 

H owever equivalent results may be obtained from a pair 
of stationary loops at right ang les to each othe r, con
nected by any desi red length of RF tran smission l ines 
to a goniometer. The goniometer type of loop e limi 
nates mechanica l rotation of t he loop and bearings are 
taken directly f rom a bearing ind icato r. 

In figure 1 a deflect ion amplifier and cathode ray 
tube (CRT) with two pairs of deflection coils are 
shown. The position of the dot is in the center of the 

scope when receivi ng a s ig nal. But with no s ig nal ap
plied to the detes:tor V l of the defl ection amp li fie r, g rid 
bias is removed from V 2. Consequently V 2 w ill pass 
cu rrent, energ izing one pair of t he deflection co i Is and 
causing the dot to be deflected to the outer edge as 
shown in figu re 2a. 

The gon iometer has two stator windi ngs at right 
angles to each other and a rotatable second ary search 
coil , or rotor. The goniometer output alternates be
tween zero and maximum for every 90 ° turn of the 

t. B 

rotor. The zero positions relative to a fixed scale de
pend upon the relative magnitude of the stator currents 
which in turn depend upon the direction of arrival of 
the radio w~ve. To perm it the transfer of energy from 

the rotor w1thou~ the use of brushes, a rotating trans
forme r pnmary IS wound on the same form with the 

m?tor winding of the goniometer. The fixed secondary 
w1ndmg of th1s transformer is assembled around the 

rotating pri~ary and is connected to the output recep
tacle. Couplmg between the primary and secondary is 
independent of the position of the rotor. 

W ith tl~e dot deflected to the outer edge of the CRT 
as ~hown m figure 2a (i .e., at right angles to the mag
netiC field) the dot may be caused to trace the circular 

pattern o f figure 2b by rotating the deflection coils 

rapid ly. As a matter of fact, the deflecting coils are 

rotated at 1140 r. p_. m., or 19 revolu tions per second. 
Th_e deflection ( rad1us of the circle) may be manuall y 
ad justed by vary1ng the deflection amplifie r cathod e bias 
control . 

The goniometer has a separate primary coil for each 
of the stationary loops, as shown in figure 1. If a trans
mitted signal a rri ving from the direction of "Y " is re
ceived, there will he a voltage developed across stator l , 

while stator 2 will have no induced voltage. Then if 
the goniometer secondary is rotated until its coils are at 
right ang les to those of stator 1, the re wi ll be no volt-

"' ~~; .. 
c 0 
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age induced. In this condition there will be no signal 
voltage applied to the input of the receiver, and the in
stantaneous position of the dot will still be as indicated 

in figure 2a. 
The goniometer rotor and the deflection coils of the 

GRT operate on a common shaft. W ith the s ignal ap

p lied at "Y," the rotor at right angles to stator l , the 
deflection amplifier cathode bias adjusted so the dot w ill 
be as indicated in figure 2a, the rotor is turned slowly 
in a clockwise direction. The voltage induced in to the 
rotor will reach a ma..ximum when it has been rotated 
90 deg rees. Th is voltage is applied to the input of the 
receiver wh ich is tuned to the incoming signal frequency. 
The receiver output will cause the detector V1 to pass 
current, thereby causing a bias to be applied to the grid 

of the deflection amplifier V 2. This grid bias is suffi

cient to block the tube, de-energize the deflection coi ls, 
and cause the dot to move to the center of the scope. 
Because the deflection coi ls are revolved s imultaneously 
with the goniometer rotor, the dot will generate a trace 

as indicated in figure 2c. 
W hen the rotor is rotated another 90 deg rees the re 

wi ll again be a voltage null and the dot will return to 
the outer edge of the scope as shown in figure 2d, 180 
deg rees from its original position . As the revolution is 

completed the dot will describe the course shown in 

figure 2e in retu rning to its original position. 
H ad the signal come from the direction of "X" the 

result wou ld have been identical except that stator 2 
wou ld have been energ ized instead of stator 1. If the 
s ig nal had come from the direction of " A" then both 
stators would have been energized . The null voltage 
would occur when the rotor had equal voltages induced 
from stators 1 and 2, for then the two voltages wou ld 

cance l. Regardless of the d irection of the transmitted 
signal , the goniometer rotor wi ll ascertain its null point 

and thereby ind icate the direction of the signal auto

matically. 

SENSE DIRECTIV ITY 
T he pattern shown in fig ure 2e has an ambiguity of 

180 degrees. To eliminate this possible error, the volt
age from the sense antenna is combined with the loop 
antenna voltage. To explain how the "sense" pa ttern 
in figure 2f is obtained, assume a signal from the direc
tion of "Y ," place the rotor at the null-voltage point, 

and th row the sense switch. The dot will instantly move 

to the center of the CRT because th is continuous sense 

F G H 

voltage will cause VI to conduct and V 2 to be blocked . 

As the rotor is rotated, its voltage wi ll alternately be in 
phase and 180 degrees ·out of phase wi th the sense 
voltage, due to the action of the sense-ampli fyi ng com
ponents. If they are in phase, the two voltages will ad d 
and the dot will remain in the center because V 1 wi ll 
continue to conduct. As the roto r revolves th rough the 
second half of the revolution its voltage will be 180 

degrees out of phase w ith the sense voltage, and as the 

ampl itude of the rotor vol tage g radually rises to a max
imum (i .e., when the revolution has reached 270 de
grees) the sense voltage will be completely cancelled 
and the dot wi II return to the outer edge, describing the 
course indicated in fig ure 2g. As the revolut ion con
t in ues, the amplitude of the rotor voltage will decrease, 
the current tiHoug h Vl wi ll increase un til there is suffi
cient grid bias to block V2 when the revolution is com
pleted. The clot thereby returns to the center describing 
a figure simila r to that ind icated in 2f. 

To explain the function of the sense deflection coils, 

let us assume that only one pair of de flection coils is 
used . W ith the sense g ain set at zero, only the bearing 
patte rn will appear on the CRT. See fig ure 2e. As the 
sense gain is increased the p attern will bend as ind icated 
in fi gure 2h. W hen the sense gain is adjusted so that 
the amplitude of the sense voltage is equa l to the am 
p li tude of the goniometer voltage, the resul tant volt
age will describe a patte rn as in dica ted in fig ure 2i. 
However, th is pattern would involve an e rror of 90 
degrees if interpreted as bearing indication. Conse

quent ly a second pair of deflection coils are added to 

compensate for this e rror. T he re fo re, using the sense 

coils, the pattern wi ll appear as in figure 2j. 

r SENSE 
PATTERN 
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Oils and Greases 

for Radio 

Equipment 
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• The following lubrication chart for radio eguipment 

supplements the radar lubrication chart carried in the 

August issue of ~LECTRON. 

If any omissions are noticed in this chart or if any 

information on lubrication can be published which will 

Chart 1- Radio Equipment 

Instruction Book 
Designation 

Andok C. Grease 

Aviation I nst ru ment 
Oil per \VS-+29 

Navy Specification 
Designation 

(or Nearest Navy 
Equivalent) 

14-L-3 Grade III 

1-l-0-12 or OS-1362 

Colloida l Gra phite Dry Graphite 
(Trade 1 arn e Aquadag) SS-G-659 Fine, 

Mixed in \Vater 

D.T.E. BB Nlinera l Oil N.S. 3080 

Essole~:m Chassis OS-1350 
Lubricant "H" 

F -297 Grease 

"Gargoyle Artie C" 

Grease #66 

Grease M-285 

II D-38G Oil 

Ind ustrial White Oil 
#313 

Light Lubricating Oil 

Light Weight ll igh 
Grade Machine Oil 

Lubrico :vl-6 Grease 

Luhripla te 105 

Luhripla te (Ball 
Bearing Type) 

:\·1-285 Crease 

:\larfa k #3 Grease 

:\•leclium Fiber Grease 

:\lobil Fluid IIFW 

1+-L-3 Grade I! 

:\.S. 2075 

1+-L-3 Grade I I 

OS-1 350 

:\ ledicinal Whi te Oil 
USP Grade 

:\.S. 2075 

:\ .S. 3050 

1+-1.-.l C ra rle II 

1+-1.-3 \. rade I I 

OS-1350 

14-1.-3 ( ;rade 1 I 

1 -~-L-3 l.rade II 

OS-111.3 

& * * * w * * * * * * w * * 

Equipments 
In Which 

Used 

AN/ ARC-1, 
AN/ ARC-4, 
BC-638, 
BC-639, 
RBM, 
SCR-522, 
SCR-542, 
TCO, T C P, 
T CS 

AN/ ARC-I, 
DBM 

TOl-l 

YL 

YG 

RBM 

TCB, TCC 

TCJ 
SCR-522, 
SCR-542, 
SCR-62+ 

AN/ ARC-1 

YG 

SC R-299, 
SCR-399, 
SCR-499 

TCQ 

RB:\1, 
SCR-27-~-N, 

TAJ, TBA, 
TBX, T CK, 
T CO, T C P 

A / ARC-1 

T CO, TC P, 
TDT 

A:\i I r\ RC- 1. 
A, / A IH.' -5 

TAJ 
TDQ 

SCR-522, 
SC R-5+2, 
SCR-6U 

·r. * ·X· * ·r. * 

• 1 • 

* * * * * * * * * * * * * * * * * * * * * * * * 
benefit radio technicians, BuShips E LECTRON would ap

preciate your calling the fact to its attention. 

A fu ture issue of ELECTRON will include a similar 

chqrt for sonar equipments. 

Lubrication Chart 

Navy Specification 
Designation 

Inst ruction Book (or Nearest Navy 
Designat ion Equivalent) 

Mobil Grease 
PD-535-A 

Neatsfoot Oil 

Non F luid Oi l 

North Star 000 Oil 

N ujol 

PD 535 

Petrolatum 
Pioneer Instrument 

Oil #1 

OS-1350 

C-0 -388 

14-L-3 Grade I 

Transformer Oil 
14-0-1 2 

Medicinal White Oil 
USP Grade 

OS-1350 

14-P-1 
14-0-12 or OS-1362 

Equipments 
In Which 

Used 

AN/ ARC-I 

DP 

TBO, TDX 

AN/ ARC-1 

R CO 

YG 

* 
* 
* 
* 
~· 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* CHART II 

YG 
AN/ ARC- I, 
SCR-624, 
SCR-522, 
SCR-542 

BC-638, 
BC-639 

* Ordering Information 

* * 

Royco #6 A Grease 

Royco #94 

S-58 Grease 

SAE-20 

SAE-30 Medium 

"Superla 4X" Grease 

"Temprite Sub Zero" 

T ypewriter Oil 

Uni\"is #34· 

Univis #40 

Univis #48 

U.S. 505 Grease 

Vactra Oil, Extra 
lleavy X 

Viscoli te Lubricant 
ffl 0 G rease 

w.s. 33-l 

White Pe troleum J elly 

White Vaseline 

14-L-3 Grade II 

OS-1350 

14-L-3 Grade II 

N.S. 2190T or 9250 

N .S. 2190T or 9250 

14-L-3 Grade II 

OS-1350 

N.S. 2075 

14-0-1 2 or OS-1362 

OS-111 3 

OS-1113 

14-L-3 Grade I I 

.s. 3065 

VV-1.-751 Gr;~de Jl 

AN-G-3 or OS-1350 

14-P- I 

14-P-1 

* * * * * * * * * * * * * * ~ * * 

AN/ ARC-S 

SCR-508, 
SCR-528, 
SCR-538, 
SCR-608, 
SCR-628 

TON, 
PE-75, 
PE-95 

TDN 

TBU 

DP 

TBL, TBfvl, 
TBP, TBU, 
TB\V, TBY, 
RBM 

AN/ ARC-5 

DAH, DAJ, 
DAK, DAQ, 
DAU, DB~! 

TCJ, TCK 

TBM 

T Dll 

TOll 

YG, \'L 

RCO . 
TDT 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

r\ayy Specification 
Designation 

14-G-1 Grade I 

14-G-1 Grade II 

14-L-3 Grade I 

14-L-3 Grade II 

14-L-3 Grade II I 

14-P-1 

OS 1350 

SS-G-659 

VV-L-75(Grade Il 

C-0-388 

N.S. 2075 

.s. 2135 

N.S. 2190T 

N.S. 3050 

.S. 3065 

N.S. 3080 

.s. 9170 

N.S. 9250 

OS 1113 

OS 1362 

* r. 14-0-12 

* 
"******* 

Federal Standard 
Stock Catalog o. 

Greases 

14-G-11 60 

14-G-1080 

14-L-131 

14-L-90-15 

14-L-85-5 

14-P-100 

14-G-715 

14-G-570 

14-L- 165 

Oils 

14-0 -3105 

14- 0-2586 

14-0-2610 

14-0-2879 

14-0-2662 

14-0-2663-8 

1-l-0-2670 

14-0-2170 

14-0-2187 

14-0 -88+-1 0 

14-0 -2833-65 

14-0-3530 

Standard 
Package 

10 lbs 
10 lbs 

1 lb 

I lb 

I lb 

5 lbs 

10 lbs 

5 lbs 

25 lbs 

I q t. 

5 gal 
5 gal 

5 g;~l 

5 gill 

5 j!il l 

5 gal 

5 gal 

5 gal 

5 gal 

5 gal 

.'i gal 
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This is a continuation of the ser1es of articles Oil 

Radio Interference which appeared in rece111 iss11e.r of 

the Radio and Sound Btflletin . 

• Small motors and generators usually present more of 
a problem in obtai ning adequate inte rference suppres

sion than larger machines. There are several_ r~asons 
for this; first, thei r inherent electrical charactenst1CS are 
usually poor in comparison with highe r-power n:a
c:hines; second, a large proportion of them a re of In

ferior quality; th ird, there is less space avai lable for 

suitable filtering; fourth, they are usually located much 

closer to eq uipment susceptible to the interfe rence.. . 
Smal l motors and generators are frequently bu d t-m 

as integral parts of radio, radar or other electronic 
equipments. Units so installed must be thoroug hly sup-

b d · · c its will pressed; otherwise near y an connectmg c1 r u 
have large interference voltages induced into them. 

For suppression over a limi ted frequency band, the 
installation of small capacitors from each brush to 
ground is often effective, but for suppression ove r the 
range usually specified for naval equipment ( 150 kc to 
I 50 Me) it is necessary to resort to LC filters. 

FAN AND BLOWER MOTORS 
Figure 1 shows the application of small capacitors to 

the brushes of small commutating machines. The capa

citor leads should be as short as possible and connected 
to the nearest part of the frame of the machine. The 
cap~city value to be used depends on the space avail
able, the voltage rating and the frequency at which sup
pression is most desired . The greatest amount of sup
pression will be obtained at the frequency at which the 

Eliminating 

Radio 

Interference 

from motors a.nd 

generators 

capacity and lead inductance becomes series resonant. 
This can therefore be shifted by changing either the 

value of the capacitor or the length of the connecting 
wires. It is best, howeve r, to keep the lead-length short 

and change only the value of capacity. For suppression 
above 10 Me, mica capacitors are recommended; below 
this frequency, paper capacitors are usually effective. 
Further suppress ion of radiated interference may be ob
tained by using shielded leads to the motor, the shield
ing around the leads being grounded to the motor 
frame. 

More effective fi ltering may be obtained by using an 

LC filter as shown in figure 2. T he prime requisites in 
this case arc that the filter should be properly designed 
for good suppression over a wide frequency range, that 
the input and output leads of the filter be isolated f rom 
each other, that the fil ter ground return be short and 
effect ively connected to the frame of the motor, and 

that the filte rs be designed for operat ion at the voltages 
and currents required in the installation. 

In practice it is desirable to have the filter meet other 
requirements such as immersion, shock and vibration 
speci fications, etc. If the filter is effective it will be un
necessary to use shielded leads to the motor terminals 

from the source of power unless direct radiation from 

the motor itself is so bad as to cause interference volt

ages to be picked up by the leads. In this case, how
ever, it is best to eliminate the radiation by proper motor 

shields. In other words, always kill the interference at 
tbe somce when possible . 

In case of ball- or ro ll er-bearings, it is very often 
necessary tO' provide grou nded brushes to bear on the 
rotating shaft at the bearings to bypass and eliminate 
static discharges which wou ld otherwise jump through 

r 

the bearing grease to arrive at the potential of the ma
chine f rame. When encountered, this form of inte rfer
ence is very severe and is more difficult. to eliminate than 
that from the commutator. It sometimes sounds similar 

to brush noise, and may at times be modulated by a char

acteristic commutator whine. 
In gene ral, the same treatment can be applied to 

small generators as that used with small motors. Motor

generators naturally require ltvo sets of fil ters, one for 
the motor input and another for the generator output. 
T hey can be mounted in the same filter box 1f p roper 
precautions an~ observed in isolating the filter input and 

output leads. 

MEDI UM-SI ZED MOTORS AND 
GENERATORS 

For purposes of interfe rence suppression, this cate~ory 
includes units from about % kw up to about 10 kw Since 
un its in th is range usually require the same suppression 
technique. In general, the same meth?~s are used as 
with the smaller machines but the add1t1onal leads for 
st~rting and field controls require special consideration. 
In addi tion , motors are sometimes equipped with vibrat
ing-contact speed regulators, and generators are some

times equipped with vibrating ~oltage and curren t re~u
lators both of which are notonously bad sources of m

terfer~nce and must receive special treatment. 

Figure 3 shows a diagram of filters applie~ to ~ com
mon type of motor generator. T he same 1dea IS fol 
lowed when separate fi lter boxes are used for the motor 
and the generator. In obstinate cases it may help to con
nect small capacitors from brushes to frame, although 
this should not be necessary if good filters are used in 
the leads. It is very essential to make sure that filter 

cases have good elect rical connections to the filter bpx 
and that the box has an equal ly good connection to the 

frame of the machine. Mica capacitors connected across 
the input and output lines may also be necessary in cer
tain cases. Figure 4 shows the arrangement of the fi lters 
and field resistance inside the box. 

A more complicated example is shown in figure 5. 
In thi s case, fi lters are insta lled in the input, fi eld, and 
output leads as before; a capacito r (about 0.01 p.f) is 
connected across the speed regulator contacts; shaft 
ground ing brushes are shown at each end of the shaft. 
If speed- or voltage-control resistors were to be located 

external to the uni t, it would also be necessary to fi lter 

these leads as they leave the machine. 
A summary of the p rocedure for fil tering units of 

th is type is g iven here : 
a. Use fi lters that are properly designed for the ap

plication. 
b. Insta ll fil ters in each lead that leaves the unit. 
c. Provide low-resistance current paths from fi lters 

to frame. 
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FIGUR E 1-Simple filter cOIISisting of small rapa(i/ors 
connected be11veen bmsbes and m otor frame. 
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F IGURE 2-More effective interference suppressio// IS 

obtained witb this inductance-capacilanre filter. 
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FIGURE 3-A// external connections /o this 11/0ior-gener-

alor unit are filtered. 

FILTERS 

F IGURIZ 4-Arrangemellt of components inside shielrl 
case of filter unit. 
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FIGURE 5-A more elaborate filtering system for motor
generators includes shaft-grounding brushes and a ca

pacitor across the speed-regulator contacts as shotun. 

d. Isolate (or shield) the dean leads from the noisy 
leads. 

e. If necessary, install shaft-grounding brushes. 
f. Make sure that unit is in good electro-mechanical 

condition. 

LARGE MOTORS AND GENERATORS 
It is often impractical to use LC filters on machines 

having very high current ratings since the size of the 
.filter required may be objectionable. Since the inter

ference created by the larger machines is frequently of 
lower value than that from small machines, because of 
better commutation and other electrical characteristics, 
sufficient suppression can often be obtained by connect
ing low-inductance capacitors of several microfarads ca
pacity from each terminal of the machine to the frame. 

Experiments are being conducted in reducing the in
terference by innovations in the design of brushes and 

the application of capacitors from various points along 

the commutator windings to ground, but there are no 
conclusive results available from these experiments at 
the present time. 

• • • • • • • • • • • • • • • • • 
PERSONNEL ALLOWANCES 

• BuPers is revising the electronic personnel allow
ances to conform with the rapid expansion of the elec
tronic program in the fleet. As soon as this revision is 
complete, detailed information will be transmitted to all 

ships. In general, the revision will conform to the table 

published on page 36 of the July 1945 issue of C.l.C. 

Magazine and will be in line with the Radio Specialist 

Officer and CIC Personnel Allowances established by 
CominCh Serial 01387 of 15 May. It should be pointed 
out that CominCh Serial 01387 of 15 May 1945 and 
BuPers confidential letters Pers-2141-LN of 27 January 
19·'! '5 are inter-Navy Department documents concerning 
detailed and voluminous studies of electronic personnel 
rclJuirements ;md are llf// (t/'itif,tb!e for distribution. 

New Books 
• Here are some thumb-nail book reviews of the Elec
tronic publications recently distributed by the Bureau. 

U. S. Navy Synchros-Unclassi.tied-This is a joint 
Bureau of Ships-Bureau of Ordnance publication and 
is a complete text and reference on the subject. Besides 
explaining how sy~chro.s work,. the book contains a 
great deal of practical mformation on such topics as 
standard connections, characteristics, zeroing, and main
tenance. A wide initial distribution was made to all 
ships a~d concerned shore stations. ~d~itional copies 
are avatlable through Ordnance Publications Distribu
tion Centers under the short title OP 1303. 166 pages. 

Calibration of Shipboard Direction Finders-Con.ti
dentia1-Navships 900,101. This publication provides 
all the details necessary to calibrate such medium- and 
high-frequency direction finders as the DAE, DAK 
DAQ, and DAU. Facilities required, adjustments, pro~ 
cedure, data, and necessary forms are all discussed. This 
pamphlet was distributed to all Calibration Officers and 
principal installation and maintenance activities. 24 
pages. · 

Herald Ranges- Confidential- Navships 900,070. 
This prof~sely illustrated booklet is designed to ac
quaint personnel with the various factors which affect 
the ranges of herald (Harbor Echo Ranging and Listen
ing Device) equipment. 44 pages. 

Use of Submarine Bathythermograph Observations
Confidential- Navships 900,069. This publication 
when complete, wil.l consist of seven parts. So far, fou; 
parts have bee~ pnnted, covering the following topics: 
Part 2, Sound m the Sea; Part 3, Prediction of Sound 
Ranges; Part 4, Diving; Part 5, Tactics. Distribution 
has been made to submarines and submarine activities. 

Mobile El~ct!·onic Unitf- Con~dential- Navships 
900,099. Thts ts a ~ollectt?n of br1ef descriptions and 
photographs of mob.lle eqUipments n?w being procured 
by the Navy. Coptes have been distributed to force 
commanders and other planning activities. 71 pages. 

St~pplement No. 1 to Ships 242A-Confidential. This 
suppleme.nt adds additional equipments to the "List of 
Naval Radio, Radar, and Sonar Equipment." Available 
to holders of Ships 242A through RPIO's. 

Mainten~nce Mamtal for Crystal Pro jecton-Restrict
ed-Navships 900,042. Another in the series of sonar 
mai?tenance manuals. Distributed to ships having the 
eqUipment. 292 pages. 

Maintenance Man11al for Crptal Projeflor.r-Restrict
ed-Navships 900,044. Distributed to sonar installa
tions and maintenance activities. 171 pages. 

Measurement of 

Standing-Wave Ratio 

on X-Band Radars 

• •••••••••••••••••••••••••••••••••••••• 
• If all the impedances are matched in an RF system, 
a constant load will be impressed on the magnetron. 
However if there is a mismatch, energy will be re
flected b~ck and set up standing waves. The result is a 
loss of radiated power, and frequency pulling. This, 

in turn might result in a poor spectrum and faulty AFC 

operati~n, so it becomes highly i~portant to keep the 

standing wave ratio as low as possible. 

METHODS OF MEASUREMENT 
The directional couplers now being supplied with a 

number of radars can be used in the measurement of the 

standing wave ratio in the waveguide: The so~rce of 
power used may be from the systems transm1tter or 

from a signal generator such as the :s-3 5 I AP. . T~e 
former source will show a high standmg-wave ratio tf 
there is a breakdown in the transmission line. On the 

other hand, it will give a ratio only for the frequency of 

the magnetron at the time of the test. T.he two meth?ds 
of measurement are outlined below. It 1s extremely Im
portant that all connections be .tight, w~th no change in 
orientation of waveguide couphngs durmg the measure
ments. There should be no sharp bends in flexible 
cables. When using the signal generator as a source of 
power, there should be at all times. at least 10. db of 
attenuation in the generator to av01d changes m fre

quency as the attenuator is varied. 

USING THE MAGNETRON AS A 
POWER SOURCE 
1. Measure power level from direct (D) jack of direc

tional coupler, using the TS-3 5 j AP signal generator, 
TS-230jAP frequency power meter, or similar device. 
See instructions for instrument used. It is not necessary 
to know the exact power. Record the attenuator setting 
for a given meter deflection. Call this value X1. 

2. Measure power level from the reverse (R) jack of 
directional tap; i.e., set the attenuator for the same 
meter reading as in ( 1) . Call this value X2. 
3. Note the attenuation values stamped on the direc
tional coupler. Call the value on the direct (D) jack 

X and the value on the reverse (R) jack XR. 

4.» Calculate XD + X1- XR- X2. This is the dif
ference in power level between direct and reverse power 

expressed in db. 
5. Using the vall!e of power level difference obtain 
standing wave ratio from the table. 

METHOD USING TS-35/AP 
SIGNAL GENERATOR 
1. Pull the transmitter far enough out of its case to 
make both halves of the air gap coupling accessible. 

Using the waveguide-to-waveguide patch cord (supplied 

with the signal generator) connect the signal generator 

output to the half of the air-gap coupling on the wave
guide run to the antenna. 
2. Using the waveguide-to-coaxial patch cord, connect 
the direct output jack of the directional coupler to the 
half of the air-gap coupling on the transmitter receiver. 
3. Set the frequency of the oscillator in the signal gen
erator at the high-frequency end of the band to be 
tested. If the signal level indication is to be visual, i.e., 

the system's A-presentation or an oscilloscope in the 

video channel, set the signal generator for square-wave 

output. If the indication is a meter on the second detec

tor of the IF amplifier, set for CW operation. 
4. Set the gain control of the radar system to a position 

wli.ere a very small amount of noise shows on the A-pre
sentation. 
5. Tune the beating oscillator and TR tube for maxi
mum signal indication either on the oscilloscope or 
meter. Keep the attenuator on the signal generator set 
so that overload does not occur. The pattern on the 
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oscilloscope need not be synchronized; amplitude is the 
only th ing that is to be measured. 

6. Adjust the attenuator qf the s ignal generator for 
some measured value of deflecion on the oscilloscope or 

meter. This should be be low the overload point but 

g reat enough that it can be reset with an accuracy of 

0.2 db on the attenuator. Record the attenuator read ing. 

Call this value X D. 
7. Move the patch cord to the reverse-power jack of the 
directional coupler. Be very sure that there is no mov
ing of the waveguide couplings and that no sh arp ben d 
is put in the coaxial cable . Readjust the atten uator to 
g ive the same deflection as in ( 6 ). Call this value Xw 
8. Calculate X 0 +X, - XR- X2. This is t he power 
difference in decibels between the forward and reverse 

jacks. 
9. Obtain the standing-wave ratio from the t able . 
10. Repeat fo r a number of different frequencies, e.g., 
25 Me. spacing th rough the band. 

T abLe fo r Convertir1g Power Level Difference to 
Standing- IV ave Ratio 

Power Standing Power Standing 
Difference 'Wave Difference Wave 

(db) -Ratio (db) Ratio 
1.0 ?" - :>. 16. 2.7 
2.0 19. 17. 2 .4 
3 . 0 15 . 18 . 2.2 
4.0 13. 19. 1. 9 
5.0 II. 20. 1. 7 
6.0 9.5 21. I. 5 
7.0 8. I 22. I. 35 
8 .0 7. I 23 . 1.2 
9.0 6.2 U. 1.05 

10 . 5.6 25. 0 .95 
II . 5.0 30. 0.54 
12. 4.4 .35 . 0.46 
13 . 3.9 40. 0 . 17 
14. J.S -L'i. 0. 10 
15: ;,, ) 50. 0 .056 

TUNING CW-43AAF-1 TRANSMITTER-RECEIVER 

• In the CW-43AAF-l Transmitter-Receiver used for 
Mk 8 Mod 1, Mk 8 Mod 2, Mk 16, SJ-1, and other 

systems, frequent tuning has caused d amage to the 
pinion head of the rack-and-pinion adjustment of TR 

cavity position. 
This fai lure may be eliminated and tuning made 

somewhat more conven ient by the addition of an ex
tension shaft to the pinion. This modification is shown 

in the photog raphs. 
T he pinion may be removed by loosening the two 

Allen set screws that hold it in place . A Y4" d iameter 

steel shaft, 2V4 " to 3" long is then b razed to the head 
of the p in ion. Detail s of th is change are shown below. 
Care shou ld be exercised to prevent excessive overheat

ing of the pin ion . 
With a knob fi tted to its end, this shaft makes the 

adj ustment easier and more positive than formerly. 
This mod ification was designed at the R ad ar Main

tenance School of the Pacific Fleet Radar Cente r. 

BRAZED JO I NT 

SC/SK Resistor Failure 
• Several cases have been noted in the S~-2, 3, 4, and 
SK equipments where the A-scope saturat10n level low
ered approximately V/' when the Master . PPl was 
turned on In nearly every case the trouble was traced 
to R -2600: a 22,000-ohm, 1-watt res i ~tor in _the cat~lode
follower video circuit of the couplmg un1t. Th1s re
sistor decreases in value, thereby loading the vertical 
deflection circuit of the indicator excessively. . . 

Another serious effect is the overload that 1s mtro
duced into the Master PPI video circu it, causing a 
b locking action when the recei~er gai1: . is incr_eased to 
a normal operating level. Th1s cond1t10n ex1sts only 
when the value of R-2600 drops to 300 or 400 ohms. 
T he effect is a blanking out of video signals to the scope 
an d a very hashy appearance of the sweep on the same 
scope. 

Under norma l conditions, R-2600 operates ve ry near 
its 1-watt rating. The answer to_ th is problem is_ simply 
to replace the 1-watt resistor w1th a 2-watt res1stor of 
the same value. 

- Generttl Elu tric 

• 
A.J. Receiver Sensitivity 
• Many A . J. receivers have been v~ry erratic as to 
gain just at the point where op_erat10n IS the best .. J ust 
a touch on the gain control wdl make the leve l Jump 
sharply up or down. Di fferent 6AC7's in the first two 
IF stages affected this some, but not enough to cure the 
trouble. Adding resistance between R40 21 and g round 
so that the potentiometer would ope rate at a different 
point gave approximately the same condi tions, although 
the jump in gain occurred at a differe nt spot on the 

potentiometer. The trouble was found to be d ue to 
uneven wi ndings on the potentiometer resistance ele
ment. The movable contact bridges several wind ings. 
The contact also rocks. Both condi tions add up to 
jumpy operation. . 

Low sensitivity on the A. J. receivers has been found 
to be due to low voltage on the plate of the second 
RF tube. This was t raced to the high side of ceramic 
capacitor C4015 shorting to the shield. Pushing it 
away cured the trouble. . 

Incidentally, d1d you know that an 8-volt drop m 
line voltage will cause a 50% drop in the A. J. receiver 
sig nals? That's another poin t to keep in mind , and 
one good reason for h aving a voltage-stabilizing t rans
former in the later eqlllpments. 

- General Electric 

• 
Anti-Hunt Control 
• The "anti-hunt" control in the remote tra111 111g con
tro l unit, Model QCU, R-228 has been adjusted at the 
factory for optimum results. It is quite cri tical. Its re
ad justment requires considerable care. The normal po
sition occurs at about Vsths counte r clockwise. The 
follow-up is not quite as snappy as ampli clyne . The 
factory limits are as follows: 

(a) Maximum oscillation after stop : One degree 
(b) Maximum undamped oscillation : + 14 d egree 
(c) Dynamic error: + one degree 
These limits hold for ten-degree steps, during wh ich 

the training mechanism should not be rotated at a speed 
g reater than fou r revolutions per minu te. 

- R CA 
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Mark 26 Mod 4 

• There have been scattered reports of trouble with 
the high voltage transformer T301 in the high voltage 
power unit. The primary difficulty is with the terminal 
seals of these transformers. They break open, leak oil, 
.and allow voltage breakdown between the terminal 
bushings and the transformer case. This weakness was 
picked up in production tests of these transformers and 
has now been corrected. At the present time it is 
planned to replace the T301 transformers in A-Spares, 
item 114, with new transformers. Policy as to addi
tional replacement will be determined by analysis of 
failure reports, and early receipt of such reports will 
expedite further replacement if this is found to be nec
essary. 

There is one thing to watch closely if T301 is 
changed. It is only natural when putting in a new trans
former to install it exactly like the the old one. Don't 
do it without consulting the circuit diagram first. Some 
of these transformers now in the fleet may be wired 
incorrectly. The low-voltage rectifiers are of the half
wave type. The primaries of these transformers should 
be connected so that the tubes will conduct on the same 
half of the cycle. 

-E. F. S. G. 

• 
B.F .0. Adjustment 

• It is possible that some misunderstanding exists ~n 
the range and adjustment of the beat frequency oscil
lator on single-control tuning systems such as the QCU 
an? QCQ-2. The front panel cont~ol C-423 should 
adjust the beat note to maximum w1th the peak filter 
in at 800 cycles. The range of the panel control is such 
that it will change the beat note when properly peaked 
at 800 from approximately 200 cycles minimum to 1.50~ 
cycles maximum. Some go through zero beat. ThiS IS 

O.K. 
The B.F.O. oscillator cores of Z-404 should not be 

adjusted to give zero b~at at the low end of panel con
trol C-423. 

-RCA 

• 
~ark 12 ~otors 
• Some ships have experienced trouble in the lobing 
and spark-gap motors of the Radar Equipment Mark 
12. If these motors are operated continuously they 
should. be lubricated quarterly, instead of annually as 
stated m the instruction book. The life expectancy of 
these motors, when lubricated properly, is two to three 
years of continuous operation. 

-Bell Labs. 

• 
A Mark 12 Time Saver 
~ ~he DD-874's technicians experienced trouble in ad
Justing the Selected Signal Amplitude control, R (10) 56, 
to give three volts at J ( 10) 11. 

In order to adjust R(10)56 it was found necessary 
to turn the Spot Disabling Adjust potentiometer, 
R(10)87, counter clockwise. Evidently there is an in
teraction between the enabling circuit and the selected 
signal A.G.C. circuit, and much time can be wasted 
by changing tubes and looking for n0n-existent faults 

":'hen all ~hat is neces.sary to correct the deficiency is a 
stmple tw1st of the wnst. The RMO of the USS Banner 
(DD 807) had a similar experience and wasted consid
erable time and effort (as will anybody unless he has 
had the experience before) until the spot disable poten
tiometer was rotated counter clockwise. 

-E. F. S. G. 
• 

Sp Servo Amplifier 

• S~metimes it becomes necessary to adjust the servo 
ampldier of the _SP ~ad~r, due to a change of tubes, 
change of value m cucu

1
.1t. elements, etc. However do 

not change the torque urut control setting. This ~on
trot is set at the factory and provides correct bias for 
the driver of the _6L6's. If this bias is too high, the 
antenna torque will be small enough to permit hand 
turning of the antenna. If the b!as is too low, sufficient 
torque m~y be deve~oped to st~1p the antenna gears if 
the electncal stop fads to function. 

• 
Give the Blower a Chance 

-General. Electric 

• Blower motors are installed in units of radar equip
ment to ~irculate the. ai~ which is . heated by the tubes 
and c!rcmt ~le~ents mstde the umts. The purpose of 
this ctrculatwn 1s to carry the heat to the metal of the 
case itself where it may be carried off on the outside 
of the unit by normal compartment ventilation. Failure 
due to overheating can frequently be traced to charts 
?ooks, b~xes, etc., p~led around the equipment prevent~ 
mg the atr from taking up excess heat from unit covers. 

-E. F. S. G. 

···········~······g~·· 
CLASSIFICATION OF SHIPBOARD 
LORAN REDUCED 

• CNO restricted letter OP-25-Al4jdm Serial 30525A 

of 1 May 1945 to all ships and stations reduced the 
classification of Loran Receiving Equipment to RE
STRICTED. This applies likewise to the following 
books for Loran shipboard receiving and training equip
ments: 

Title 

Loran Handbook for Shipboard 
Operators 

AN/APN-9 Supplementary Shipboard 
Instructions 

CME-60069/CME-60069A Instruction 
Book 

DAS/DAS-2 Instruction Book 
DAS-1 Preliminary Instruction Book 
DAS-3 Preliminary Instruction Book 
DAS-3 Temporary Instruction Book 
DAS-4 Instruction Book 
X-DBE and CXJD Instruction Book 
LRN-1/LRN-lA Instruction Books 

Short Title 

SHIPS 278 

NAVSHIPS900, 640 

SHIPS 269 

SHIPS 225A 
NAVSHIPS 929-1 
SHIPS 263 
NAVSHIPS900, 254 
SHIPS 322 
SHIPS 321 

Activities. holding copies of any of these publications 
should therefore mark the front covers RESTRICTED. 

ALCOHOL, ALIBI FOR USE OF 

• Technicians have l~arned by experience that the fins 
of 721A duplexers must be clean to insure maximum 

sensitivity of the radar, 
and that a common type
writer brush will do a 
good job. However, 
when cleaning the du
plexer, do not overlook 
the glass portion of the 
tube between the fins. If 
this section is dirty, a 

marked decrease in performance will result. Alcohol 

is a good fluid to use ... on the duplexer! 

• 
IMPROVED OPERATION OF ST RADAR 

• Of the submarine radars now in use, the ST is the 
only one that is particularly unstable or hard to tune. 
Western Electric has completely re-designed the RF 
plumbing, but until this change actually gets into the 
field there is another scheme we have tried at New 
London which improves the operation considerably. 
This scheme, which we have dubbed the "World's sim-

6.3A.C. 

plest AFC," consists of superimposing a small amount 
of 60-cycle voltage on the repeller of the local oscillator, 
thereby swinging the frequency of the 1.0. It was 
found that the tuning was more stable and that varying 
the length of the periscope adapter did not cause the 
echoes to disappear as they had formerly. As might be 
suspected, the echoes will be lacy if too much ac is used, 
but it was found that adding 1. 5 to 2 volts gave good 
results. 

E. F. S. G. 

• 

TWO GUNS 
• The Electronic Tube Corporation has developed a 
special oscillograph utilizing a single 5-inch cathode 

ray tube containing two electron guns whose operations 
are completely independent of each other. The tube 
was developed for the simultaneous investigation of two 
independent phenomena or the study of a single I?he
nomenon with a timing trace. The sc~pe ·is well_ s~uted 
for photographic work, each trace havmg the bnl11ance 
of a separate tube, and can be supplied with any type 
of tube screen desired. The tube is designed so that 
each trace can be moved about the screen or the traces 
superimposed one upon the other. One _gun may _be 
operated alone if desired and no change m the eqmi?
ment is necessary. At the present time no use of th1s 
tube is being made by the Navy. 

• 
SERVO MAINTENANCE IN SU RADAR 

• The Motor-Generator Servo, B-405, which is 

mounted on the yoke of the Antenna Assembly, 974 
and 974A of the SU Radar, is a vital part of the line
of-sight stabilization system, and because it rotates at 
very high speed (approx. 14,000 r.p.m.) the following 
maintenance schedule must be maintained: 

1. After each 1000 hours of operation, replace both 
brushes on the generator end of the machine. 

2. After each 2000 hours of operation, disassemble 

the machine and carefully clean it to remove all 
small brush particles which have accumulated. 

Carbon tetrachloride or its equivalent may be 
used for this purpose. 

If this maintenance schedule is followed, continuous 
operation of the machine is virtually assured for many 

thousands of hours. 

Ill 

DIM YOUR LIGHTS 
• Some Navy equipments are provided with a variable 
resistance for adjusting the brilliance of dial and indi
cator lights. As a decrease in voltage will greatly in
crease the life of the lamps, there is good reason to 
operate them at reduced brilliance where possible. This 

is especially desirable in cases 
where the lamps must be depended 
upon for some critical indication, or 
where they are difficult to replace. 

In the RCK receiver, for exam
ple, the four red ind:cator lamps 
above the dial are inter-connected 
with the crystal selector switch, and 
therefore assist in setting the re

ceiver on frequency. This puts a premium on long life 
of indicator lamps, and makes it worth while to turn 
down the dimmer control at least half way when full 
brilliance is not actually required. 
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Sonar 

Proiector 

Maintenance 
• 

the 

Pacific 
• 
• 
• 
• 

• It will soon be possible to repair and overhau l sonar 
projectors in the Pacific areas. There wi ll also be made 
available to the Advance Base personne l the same test 
cquipments which are used by the Nava l Inspecto rs at 
the factories to determine whether the projectors are 
meeting BuSh ips· specificat ions. Once these facil ities 
are operating, it will not be necessary to send a dam
aged projector back to the factory for repairs or tests. 

At p resent, N avy Yards Mare I sland and Pearl H ar
bor are repairing and testing projectors of all types by 
the latest methods. In accord ance wi th a recent 
CINCPAC request, two additional land-based repair fa 

cilities are being set up and should be in operation the 
latter part of this year. The new installations will be 
made at Guam and at another unnamed location. In 
these land based sonar repa ir stations i t will be possible 
not only to fix and renovate all types of projectors, but 
there will also be means fo r completely testing any pro
jectors, new or reconditioned . 

These repair stations are provided with air condition
ing and humid ity control units capable of keeping the 

temperature between 70 and 80 deg. F. and the relative 
humidity between 30 and 50 percent. The temperature 
and humidi_ty controls are necessary· on ly when repairing 
crystal proJectors. F1gure 1, taken from the Mainte
nance Manual for Sonar Crystal P rojectors (NAVSHIPS 
900,044) , shows a typical arrangement of the repair 
laboratory. F rom the washing platform ( 1) on the 
rig ht, the damaged projector is taken inside the labora
to ry and disassembled on the large work bench (3) in 
the center of the room. This room is essentia lly used 
for disassembly, reassembly, and for repairi ng and 
clean ing the p rojector case. I t is here also that machine 
tools ( 6) and the spray booth ( 2} are located. T he air 
compressor (5) furni shes air for crystal spraying and 
cleaning purposes . 

The more delicate ope rations of testing and repair are 
ca rried on in the room to the left. It is here that the 
crystal array of crystal projectors is repai red or rebui lt 
( 9) . Following repairs to the crystal array, the pro
jector is reassembled and refilled with technical castor 
oil. This fi lling operat ion is carr ied on in special evac
uat ing apparatus ( 12). It is in thi s room also that mag
netostriction projectors are repaired and refilled wi th 
C02 gas. 

After the mechanical processes of repai r a re com
pleted, the, projector is tested. It is g iven a megger test, 
transmitting response, receiving response, and direc
tional response test (beam pattern). T he latter three 
tests arc made in a test tank. The inside dimensions of 
th is tank are approximately 16' x 16' x 16'. The usual 
construction for the tank is con~ rete and the top is 

boarded over. A 2Vr foot wide opening extends across 
the top to ac(:ommodate the raising and lowering of t he 

t rai ning shaft and proj ector. T he tank is filled wi th 
water to within a foot of the top. 

This testing equipment, identi fied as Mode l XCG, has 
been developed for determin ing the open-sea pe rform
ance of a projector unde r actual service condi tions. It 
has been in use for over two years and has proved of 
g reat value to the Navy. At manufacturer's plants, at 
development and reference laboratories, at Navy Yards 

and advanced bases, the sound output, beam pattern 

and sensitivi ty of a projector w ill be measured in the 
same way an d the resu lts will have a standard meaning . 
T hus by quant itive measurements and ski llful repairing, 
the service performance of the sound gear will be in

creased and unified . 
Personnel for these projector repa ir facili ties will be 

specially trained in a ll phases of projector maintenance. 
In addition to the officer in charge of each un it, six 
Rad io T echn icians, under a Ch ief or First Class R T 

w ill be on h anJ to keep the projectors in first class con

di tion. All s ix of these RT' s have rece ived special trhin
ing in t he latest methods of projector testing and repair. 

Special tra in ing courses have been set up at Rad io M a
terie l School , NRL, to t rain these maintenance person
ne l. T he highly specialized n ature of the wo rk requires 
that special emphasis in procedures be g iven to al l men 
responsible for the upkeep of the projectors. T wo of 
the RT's wi ll he specially trai ned in the operation and 

maintenance of the M odel X CG test equipment. M any 
of the personnel have had previous experience in the 
various phases of projector maintenance at t he N avy 
Yards at Marc Is land and Pearl H a rbor. 

In addition to the increased faci li ties •n equipment 
fo r repa ir and testing, detailed information on the re
pai r of sonar projectors is avai lab le in M aintenance 
Manua ls publ ished by the Bureau of Ships. The projec
to r section in the Mai ntenance manua ls for QCSj S-1 1 
T j T- l Q- l j R- 1 (NAVS HI PS 900,026), QCQ-2 

(N AVSHIPS 900,04 6 ) , WCAj A-1 (NAVSHIPS 

900,04 5) , and WEA-2 (N AVSH IPS 900,042 ) deals 

primarily with the repair of magnetost rict icn projecto rs. 
Inst ructions for the repair of c rystal projectors can be 

found in NAVSHIPS 900,044 . D etailed maintenance 

and operating procedure for the testing equipment men
tioned above is contained in the Maintenance Manual 
for Model X CG Projector Test ing Equipment being 
prepared by the Nava l Research Laboratory. 
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High-speed motion pic
tNr es sho win g the 
breakinf!. of a tMCIIfl1r1 

tube riming r1 sbock 
lest. 

Shock and 

Vibration 

Testing of 

Electronic 
Equipment 
LT. CDR. G. L. MACLANE, U.S.N.R., BUSHIPS 

• The problem of building electronic equipme~t s~ffi 

ciently strong to stand up under the shock and vtbratt_on 

of naval service has been accentuated by the extenstve 

use of such equipmen t and the many and varied serv~ce 

conditions encountered. In the files of the Electrontcs 

D ivision there are volumes of reports on equipment 

failures ascribable to shock and vibration. The follow

ing are typical: 

From a CA : "FD regulated rectifier. Tubes are 

sheared off and jump out of their sockets each time the 

guns are fired. On one occasion the whole internal 

assembly jumped completely out of its box." 

From aDD: " One main radio jack box was shattered 

and wires lead ing to it were snapped off. Inside the 

TBL itself, in a protected location, output leads were 

b roken a-t terminals by the shock of g unfi re. Glass 

meter windows in TBL and TBK were shattered d uring 

one heavy bombardment." 

T he medi11m-weigbt shock-testing machine at lWesting
hollse. lWhen released, the hammer starts downward, 
tben swings upwards to strike the anvil plate ft·om 

beneath. 

From a DE: "SL equipment. The operators on the 

DE-type ships complain of unusual vibration of the 

equipment making it difficult for them to read the 

screen." 

From r1 BB: "TOY equipment. A fter firing the main 

battery subsequent to the new installation, t:-te an tenn1 

reflector had ripped loose from its mounting bracket and 

was jammed inside the housing. D uring the same firing 

the port transmitter antenna was also damaged, the syn

cluo gear-train being jammed and the synchros jarred 

loose from their seats ... 

All these casualt ies resulted from own ship's actiOn , 

not from any action of the enemy. An obvious remedy 

is to locate equipment where the shock and vibration is 

not severe, and this is done wherever possible. H ow

ever, it is the respons ibili ty of the Electron ics Division 

to supply equipment which is inherently shock proof. 
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and can stand up when installed in locations mo:;t con

venient for use. 

To this end it is necessary that we be able to subject 

equipments which are proposed for fleet use to tests 

which duplicate the shock and vibration damage en

countered in service. T he efforts of mechanical en

gineers of a number of service and industrial labora

tories have been devoted to the problem of setting up 

suitable tests and of building equipment which will pass 
the tests. The Taylor Model Basin and the Naval Re

search Laboratory have made extensive field surveys of 
the shock and vibration characteristics of typical war

ships. Engineers of the Bu reau of Ships, working with 

these groups and with the research l aboratories of th e 

major suppliers of electronic equipment, h ave designed 

test machines and set up specifications which insure 

equipment of a high degree of reliability. A constant 

check is made on damage reports from the fleet to de
termine what types of damage are encountered and 

whether the tests should be modified to duplicate that 
damage. 

Analysis of t he data obtained on field shock tests 

shows that shock motion may occur in an enormous 

number of ways. There is no such thing as "simple 

shock ," nor is there any simple way to measure it. 

There are certain general features, however, which can 
be described. Damag ing shock is a motion ch aracter

ized by a sudden start or stop, followed by a decaying 

complex vibration. The extent of the motion and the 
nature of the vibration depend on what causes the shock 

and on the particular structure involved. 

TESTING MACHINES 
A shock-test machine then must reproduce the es

sential characteristics of shipboard shock, and in t~e 
laboratory must duplicate fai lures known to occur 10 

service. Navy type h igh-impact test machines have been 
built to do just that, and several years of experience en
ables us to say that they duplicate service damage in a 
satisfactory manner. 

The light-weight machine will hand le loads up to 
400 pounds. Its two hammers and swinging anvi l plate 

make it possible to strike blows f rom three directions. 

The hammers weigh 400 pounds and have a maximum 

fall of five feet. The medium-weight machine can han

dle eguipment weighing up to approximately 5000 

pounds. Its 3000-pound hammer strikes a blow f rom 

the bottom of the anvil plate. Standard machines of 
these types are available in several naval laboratories 
and navy yards, as well as in t he plants of many manu
facturers. 

When tests are made, the equipment under test is 

attached to the anvil plate by means of mounting adap

tors which simulate the resi liency of a ship. The dis

tance of hammer t ravel and the number of blows de

pend upon the machine used and the weight of t he 

equipment being tested. 

A number of instrume nts are used to ob tain test in

formation-strain gages, accelerometers, and travel re

corders are typical. But the most useful device for find
ing out how damage occurs is the high-speed motion 
picture camera. Pictures can be taken at a rate as h igh 
as 800 f rames per second. (Ordi nary movies are taken 

at a rate of 24 per second.) When these high-speed 
movies are projected at normal speeds, engineers can 

see clearly just h ow their designs can be improved. 

PROCEDURE 
A shock test on a piece of large equipment ts mter

esting to watch . Cove r plates and doors are taken off 
the cabinet so that the components can be seen. Power
ful Hollywood-type lamps provide illumination for the 
movie cameras. Test engineers adjust elaborate measur
ing equipment. When everything is ready, the hammer 

is released and the blow is struck. The test is over in a 
f raction of a second. The equipment is then carefully 
examined. What b roke? Why did it break? H ow shall 

the equipment be mod ified so that the same failures will 
not occur in service? The answers are frequently very 

easy. T ubes usually break because they sway in their 
5ockets and collide with other components. Wires snap 
off because no slack was provided. The tests always 

show ways in which the equipment can be improved, 

and these improvements are made in the production 
models. 

Comple te and deta iled damage reports from the fleet 

are invaluable in that they make it possible to obtain 

close correlation between shock casualties in the fleet and 

test results in the laboratory. The SC and SA radar 

antennas were reported to be failing from shock. H igh
impact shock tests duplicated the failures and showed a 

means to p revent them. T ests on the ID regulated 
rectifi er mentioned earl ier dupl icated the failu res in the 

fleet. On the other hand, tests on the SG antenna 

showed it to be p ractica lly indestructible- in line with 
its excellent service record. 

The M ark 13 radar was reported in the J uly issue of 

the ELECTRON to have withstood the shock of firing 

over 1500 rounds of 16" and 5" without failure of any 

kind. Hig h-impact shock tests were made extensively 
throughout the development of this enu ip t 

-1 men. 

The shock program is not limited to the testing of 
complete eguipments. Care fu l studies have been 111ade 

of the design and application of shock mounts. The 

problem of fi nding satisfactory synthetic rubber ha~ been 

solved. An extensive program of tube irnprovement has 

been underway. We now have some types of electron 
tubes t hat will withstand the full five-foot blow of the 

shock machine without damage. 

I NST ALLA Tl ON 
There are a numbe r of older equipments in service 

which are not as rel iable under shock as modern designs. 

Modification k its are available for some of these. For 
others, minor changes in installation and construction 

will he lp materially. H ints on installation are as fol

lows: 

1. Do not attach equipment to bulkheads exposed to 

gunblast. 

2. Provide flexibility between the foundation and t~1e 
equipment. Whenever possible, the recommendations 
of "Shock Mounts for Naval Shipboard Se.rvice" NAY

SHIPS 250-600 should be followed. If this cannot be 

done, equipment should be attached to the ship by 
means of m ild steel straps. which will bend under shock. 

A clearance of at least one inch should be allowed 

a round the equipment if this method is employed. D_o 

not use sh ock mounts wh ich are too soft or permtt 

metal-to-metal bottoming. Properly shock-mounted 

equipment is quite stiff to the touch. 

3. P rovide ample slack in all cables attached to flex

ibly mounted apparatus. 

4. Make sure that apparatus is firmly secured to its 

supports, and that desks and tables are firm ly secured 

to the ship. 

It is usually more difficult to modify equipment in

ternally. When possible, the following steps arc help

ful: 

1. Clamp tubes to prevent ejection from sockets and 

coll is ion with other components . 

2. Provide a lock or tie to p revent fuses and resistors 

from jumping out of their clips. 

3. Provide st ronger h old-down bolts for heavy com

ponents. 

4. Lengthen leads so that flexing of the chassis wi ll 

not snap them off. 

5. Use shock-proof tubes in critical sockets. These 

can be identified by the "W" in the type designation. 

VIBRATION 
Para lle l to the problem of shock is that of vibration. 

Shock damage is sudden and obvious; vibration damage 

occms over a long period. Screws loosen, tubes work 

Li /Jt-tlleight shock-te.sting machine at N .R.L. T he 
g 'P"'ent 1111der test TS shown at A , 11101mted 011 fixture 

eqtll 
1
/Jich is attached to the anvil plate. B and C are the 

D, 
11 

400-poTmd horizontal and 11ertiral hammers. 

of sockets, and finally the equipment is inoperat!ve 
out . . . d 
for no obviOus reason-Jt JUSt oesn't work. 

The propellers cause most of shipboard vibration. 

The freguency is one sixtieth of the product of the tail 

shaft speed and the number of blades. Frequencies from 

about 3 to 25 cycles per second may be encountered 

depending on the type and speed_ ~f the vessel. T he 
amplitudes may vary from a negltgtble thousandth of 
an inch or so, up to 20 or 30 thousandths. 

Unfortunately, some equipments have been supplied 

to the fleet which are equipped with rubber mounts that 

become resonant in this freguency range. If there is an 

appreciable disturbance, the resulting equipment vibra

tion may be quite large, to the annoyance of the opera

tors and the deterioration of the equipment. The only 

practicable means of correcting this condition, when it 

exists, is to replace the mounts with stiffer ones, and if 

there is still considerable rocking motion, to install 

head-braces which support the equipment at the top. 

Present vibration test specifications reject eguipment 

which is resonant in the ran~e of shipboard vibration 
frequencies. 
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T ypical arrangement of jigs a11d gauges for shock-testiug 
eq11i pment with t be medium -weight shock-testing 

machine. 

Unlike the shock test , the vibration test takes a long 
time- a total of 9 hours. With the large amplitudes 
used on test, defects in construction o r design are imme
diately apparent. Fortunately, the problems of vibrat ion 
measurement are not so difficult as those of shock meas
urement. But vibration-test machines are more difficult 
to design and construct than shock-test machines. Only 
recently, through the efforts of the Naval Research Lab
oratory, the Bureau of Ships, and one of the large com
mercial laboratories, have satisfactory mach ines become 
available. These latest test machines provide frequencies 
of 3 to 60 cycles per second, have automatic ampli tude 
control, and provide vibration in both horizontal and 
vertical directions. 

While very considerable progress has been made in 
establishing satisfactory performance standards and ma
chines for shock and vibration tests, there is st ill much 
to be done. Recognizing th is need, the Naval Research 
Laboratory established the Shock and Vibration Divi
sion a year ago. Progress has been rapid since the estab
lishment of this group. T he Division has outgrown its 
quarters several times so that the re is now being con
structed a new laboratory building. It w il l house the 
most modern equipment for the study of shock and vi
bration problems and the improvement of nava l equip
ment. 

The shock and v ibration tests given to equipment 
p rior to its acceptance by the Navy are significant only 
if they help us design equipmenl which wi ll pe rform 
sat isfactorily when installed aboard ship. 

The final and really sigoificant test IS the test of 
battle. We in the Bureau know how the equipment 
stands up in battle only by the reports from the fleet. 
It is of g reatest importance that reports of damage to 
equipment be made to the Electronics Division when
ever practicable. The more detail there is in these re
ports the better- cause of the shock, location of guns, 
location of equipment, analysis of damage. Reports of 
vibration trouble should s tate, if possible, the f re
quency of the forcing v ibration, the location of the 
equipment, how it is supported, and whether the vibra
tion of the equipment is g reater than the vibration of 
the ship. A photographic report can speak volumes. 
Information on successful remedial measures is also 
valuable. 

With adequate reports from the fleet the Bureau f re 
ql\ently is able to make helpful suggestions immedi
ately. And these reports enable the Bureau to modify 
its test specifications to insure that weaknesses in exist
ing equipment are not duplicated in equipment which 
is now being designed. 

NOW RESTRICTED 
• The publication "Radar System Fundamentals" 
(Navshi ps 900,017 ) has been reclassified from confi
dential to restricted. This book is widely distributed 
throughout the fleet and all holders are requested to 
mark their copies according ly. The new classification 
wi ll simplify the handling and use of the publication, 
so pass the word around. 

• 
KEEPING YOUR MARK 22 DRY 
• Field reports have indicated that water often dam
ages the M ark 22 transmitter-receiver unit mounted 
topside on the director. This is usually cau~ed by the 
cover not being tight against the gasket. 

A cruiser reports that stack gas had so corroded the 
cover fastenings that they could no longer hold the 
cover down sufficiently tight to prevent the en trance of 
water. To remedy this situation, the sailmaker rigged 
up a canvas cover for the whole transmitte r-receiver 
un it. Apparently the heat radiation characterist ics are 
not sufficiently altered to cause any damage. Tuning is 
greatly fac ilitated by drilling holes in the cover so that 
it is unnecessary to remove it in order to tune the gear. 
The cover also e liminates the trouble of drift, often 
caused by the wind cooling the local beating oscillator. 

- IVestem E/u tric 

UP 
Keeping 

Your Amplidyne 

• One method of train ing radar antennas or sound pro · 
jectors is by the use of amplidyne systems. These sys
tems employ an ampli dyne generator, sometimes re
fe rred to as "The short circuit in harness." H owever, 
keeping thi s short circuit correctly harnessed is not 
always easy. Proper lubrication and cleanli ness of rotat
ing machine ry are of pri me importance, and due to the 
re latively h ig h cur rents involved, the commutator and 
brushes shou ld be g iven specia l attention. 

INSPECTION OF BRUSHES: 
Brushes should be inspected at fifty-hour intervals. 

By removing the spring and sliding the brush back and 
for th in the holder, any stickiness or roughness can be 
felt. Th is trouble is often caused by a small amount of 
g rease or a chip from the bmsh collecting between the 
brush and its holder when cleaning is neglected . If an 
inspection reveals chipped or broken b rushes a replace
ment shou ld be made, or when, as a resul t of normal 
wear, brushes become so short that they should be re
placed with new brushes. 

REPLACEMENT AND FITTING 
OF NEW BRUSHES: 

Normally, brushes are replaced from the equipment 
spare parts. These brushes are slightly smalle r in cross 
section than the holder, to allow for expansion due to 
heat when the generato r is running. This fact should be 
kept in mind if spares are not available and it becomes 
necessary to cut down a larger b rush made for some 

other equipment. 
Some brushes have one end concaved to fi t a par

ticular sized commutator, while othe rs are made with 
square ends. In either case, it is necessary to fi t the 
b rush to the commutator. Thi s can be done with a piece 
of fine sand paper (G rade 00 or 000) . After the brush 
is in the holder and the spring tension applied, slip a 
st rip of stand paper between the brush and the commuta-
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tor with the rough side toward the brush. By moving the 
sandpaper back and forth as though to shine the com
mutator with the smooth side, the correct fit may be 
attained. Another method is to hold the paper to ·the 
commutator and move the armature back and forth. The 
space available in the particular installation being worked 
on will determine w hich method is easier. All ca rbon 
dust should be removed from the unit after th is opera
tion. 

BRUSH TENSION: 
The tension on brushes should be maintained at about 

1 Y2 pounds per square inch of brush cross sectional area 
unless otherwis~ specified by the manufactu rer. Equal 
tension should be applied to all brushes in order to in
sure correct contact res istance. Light tension will resul t 
in sparking and erratic operation, and heavy tension w ill 
cause excessive wear of the brushes. 

CARE OF THE AMPLI DYNE 
COMMUTATOR: 

A commutator in good condition will have a dull 
bronze color and be very smooth. Carbon deposits from 
the brushes, if present, may be removed by the use of 
carbon tetrachloride on a lint-free cloth. A very slight 
roughness of the commutator may be co rrected by rub
bing with an ordinary piece of sandstone. If this is not 
available, a piece of fine sandpaper over a block of wood 
will suffice. If the commutator is pitted, g rooved, not 
round, or otherwise in bad condition, it wi ll h ave to be 
centered in a lathe and turned down a few thousandths 
of an inch. Under no circumstances s!10uld fi les or 

emery cloth be used on the commutator. 
In the amplidyne generator, good insulation betw~en 

the commutator segments is essential. The insulatiOn 
material most commonly used is mica, which is harder 
than the commutator bars themselves. Consequently, 
after the bars have worn down slightly the mica may 
protrude, causing arcing. This protruding mica must be 
cut down to the level of the commutator bars, or even 
slightly lower. This process is known as undercutting 

the commutator, and unless the help of someone skilled 
in this work is employed, considerable damage to the 
commutator may result. These jobs are ordinarily g iven 
to repair ships, which have the necessary tools and 
trained personnel. 
. W hen armatures are stored, they should be wrapped 
m a piece of cloth or p rotective material to p revent 
damage to the commutator and other parts . 

OVERHAUL OF AMPLIDYNE UNITS: 
After approximately one thousand hours of operation 

the amplidyne generator should be g iven a complete 
overhaul as outlined in the instruction book. This 
overhaul involves complete d isassembly, cleani ng, and 
replacement of defective parts. 

EFFECTS OF DUST ON THE GENERA TOR: 
On windings, dust acts as a layer of heat insulation 

interfering with proper ventilation. On slip rings and 
commutators, dust acts as an abrasive, and once inside 
bearings it can be as harmful as sandpaper to their 
highly polished surfaces. W herever dust collects in the 
casing and windings it acts as a sponge to soak up oil, 
g rease, fumes, etc. Carbon tetrachloride and 1 ' a ow 
pressure air hose can be used to remove tl11·5 II · . co ect1on . 

LUBRICATION: 
Specified lubricants in the correct amo t th 

"j'f bl d" f h un s are e 1 e oo o t e amplidyne but stray ·1 d . ' 01 an grease 
are po1son to the uni t. The manufacture · 1 b · . . rs u n cant or 
the N avy SpecificatiOn Designation lubric t 1 . 1 , . . an , w 11c 1e\ er 
1~ 111 spare parts or specified in tile · t . b k ms ruction oo -, 
should be used. The frequency of lub · t ' · . . . nca ron as g tven 
m the mstruct10n book is figured on tl b . f 1 . . 1e asrs o norma 
operatmg tune. If your equipment · 1 . . . ts run a most con-
tmuously, lubncation should be so 1 f . mew 1at more re-
quent. It IS well to keep in mind 1 th , 10wever at over-
lubrication is worse than underiubr1· t' 'd 1 · ca 10n, ue to t 1e 
excess heat created . The best advice th t b . . . . a can e g tven 
on th1s subject IS: Use good 1· udgment N d 
f 

, . . , avy an manu-
acturers 111 format10n and a regul ar 1 d 1 f . ' sc 1e u e o r ma1n· 

tenance. 

HARMONIC SUPPRESSOR FOR TDQ 
• H armonic frequencies radiated by the antenna sys
tem of Model TDQ T ransmitters are likely to interfere 
with other equipments on the same ship, or even on 
neilrby ships. A small filter has therefore been developed 
to suppress these harmonics. K nown as TDQ F ield 
Change N o. 2, the fi lter is coupled into the transmission 
line qui te simply by means of cable connectors and ac
cessories fu rnished with the k it. The filter consists of 
three low-pass 'it -sections designed to attenuate all f re
quencies above about 171 Me. Ships having early 
equipments which were received without this filter may 
obtain them by requisition f rom supply activities at 
NYNYK, RADOAK, or FRA Y-32. A number of filters 
was obtained under contract N Xss-29644 for th is pur
pose. D etailed installation instructions appear in C.E. 
M .B. Supplement No. 2. 

C1'oss-sertional 'Vietv of the fil ter unit. 

LINEARITY CONTROL 
ADJUSTMENT 

• When the VF trigger delay line is installed in an 
SG system, the sweeps on the indicator are delayed so 
that the zero marker is not completely visible on the 
A-scope, and the range offset cannot be run back to this 
marker. W ith this condition it becomes impossible to 
properly adjust the 15,000 yard linearity control, 
R-9 1 09, at zero yards. 

If it becomes necessary to adjust or d1eck the setting 
of this linearity control, the zero range maker can be 
made visible by adjusting the trigger delay line f or 
zero delay. Adjustment of the control can then be 
made in accordance with SG Field Change No. 35. 
After the completion of this adjustment the trigger 
delay l ine should be reconnected to its original ter

minals. 

MARK 13 LONG-RANGE LINE 

• It has been found that every 6SN7 will not function 
properly as a long-range line generator. The circuit 
change shown below has the effect of reducing the 
steady current through R-5 and the primary of T-1, 
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Cirmit changes for increased long-range li ue brilliance. 
A dded 11lires are sholiJn heavy, and dasbed li11es indicate 

11li1'eS t·emoved, 
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resulting in an increased. amplitude of r'1e range lir .. e. 
This change has been incorporated in production be· 
ginning with serial #21. Equipments now in the field 
are authorized to be changed in the following manner: 
Remove the wire which connects terminal 1 of T-1 
to the junction of C-15 and R-8. Ground terminal 1 
of T-1. Disconnect wire from pin #6 of V-3 and dis
card R-14. Run a new connection from this pin to the 
junction of R-15 and C-8. 

GCA SPARE PARTS 
• The procedure for obtain ing spare parts for 
ANj MPN-lA equipments is not fully understood by 
all activities using the gear. Since the equipment has 
no airborne components, all procurement should be re
ferred to the Electronics Officer of the cognizant main· 
tenance yard or fleet maintenance activity. This is in 
accord with Chapter 67, BuShips Manual. 

Stock spare parts for ANj MPN-1A equipments have 
been distributed to the foll owing activities for further 
distribution by the Elect-ronics Officer: ( 1) CONSER ON 
10 Repr. B (Roger 2); ( 2) Supply Officer for Radio, 
Radio Supply Branch, NSD Oakland, Calif.; ( 3 ) Sup· 
ply Officer fo r Radio, Charleston, S. C. 

T hen be said, " T here m11st be radar equipment around 
here ... T feel a stroll g imp11l se /" 

f'P ~ DRWER ·MOTOR 
D1 Numerous reports from the field have indicated the 
need for an improved speed control of the SF j SF -1 PPI 
drive motor. The following method is approved by the 
Bureau of Ships as an interim measure, ·and a field
change kit will be sh ipped to all installations in the near 
future : 

(a) Connect the field of B-401 as a series motor. 

(b) Connect a 2000-ohm 15-watt wire-wound re
sistor in p::~rallel with the field. 

R-562 B 

(c) Connect both a 250-ohm 10-watt wire-wound re
sistor and a 1500-ohm 25-watt variable potentiometer 
(if avai lable) in series. This combination should then 
be connected in parallel with the armature a$ shown in 
the figure. 

· This circuit has sufficient range to vary the speed of 
the sweep from approximately 5 to 15 r.p.m. , and will 
therefore compensate for the mechanical wear of the 
gears and bearings in the PPI rotnting assembly. 

YG FREQUENCY DRIFT 
• Reports received by BuShips indicate that frequency 
drift in YG transmitters is causing difficult reception in 
some instances. This is probably due to maladjustment 
in initial tuning. The normal frequency drift can be 
overcome by tuning the transmitter to the precise fre
quency wi th the wave meter supplied wit!1 the equip
ment. When the receiver has been pretuned to the YG 
transmitter signal it cannot be returned or adjusted by 
the pilot. T herefore, if the model YG transmitter is 
not tuned precisely to the initial frequency any subse
quent frequency deviation wi II cause weak reception or 
no reception at all. Extreme care shou ld be taken when 
tuning the YG beacons, and the frequency che~ked 
periodically. 

PROGRESS 
• Helium for radiosonde balloons now costs Jess than 
two cents a cubic foot, compared with s25oo only 25 
years ago. 
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• A portable test set capable of meas
uring the overall performance of I FF 
Mark 3 euipments is now available in the 
Fleet. This tester was initia lly designed 
by the Radio Materiel School, Bellevue, 
D. C., and later a contract for 5600 sets 
was Jet to the Hickok Electrical Instru
ment Company and the Air K ing Prod
ucts Company. This equipment is on the· 
allowance Ji st of all DE's, DD"s and 
Jarger ships, and approximately 700 
equipments have been shipped. 

The TS-182/ UP is designed to per
form the following tests: 

1. Check transponder or in terrogator re
ceiver sensitivity and stability. 

2. Check traf!spondor . _or interrogator 
transmitter power output. 

3. Check coding of transponde r. 

4. Check transponder output pulse shape 
and width. 

5. Determine roughly frequ~ncy range 
of transponder. 

6. Check operation of transponder sup

pressor. 

7. Check waveforms at various points 
th roughout IfF equipment. 

The TS-1 82j UP is shipped from the 
factory with an instruction book classi
fi ed restricted. T his book describes .the 
test set, its operation and maintenance. 
H owever, it does not provide cletai led 
procedures fo r its usc with the IrF cquip
ments. This information has been com
piled by the Radio Materiel School into 
a confidentia l pamphl et entitl ed ··servic
ing Iff M ark 3 Equipment with the 
Model TS-182j U P Test Set" (NAV
SHIPS 900,104 ) , which is now heing 
published by the Bureau. 

IFF tester 



.lNltT~:~•nll.l is your own magazine. 

help make it useful to others 


